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ABSTRACT
New High Volume Production, Production Linkages and Regional Development 
The Case of the Microcomputer Hardware Industry in Ireland and Scotland
Chris van Egeraat
The dissertation explores the regional development effects, via production linkages, of 
subsidiaries of multinational enterprises that have adopted New High Volume Production 
(NHVP) approaches, in non-core regions NHVP approaches are positioned amid other 
post-Fordist forms of industrial organisation
There are literatures that suggest that the adoption of NHVP approaches will have 
positive implications for regional development of non-core regions because of greater 
indirect, backward linkage, effects Theoretically, local linkage formation or buyer- 
suppher proximity in NHVP industries might be the outcome of three drivers It can be 
driven by a search for efficiency in product flow/logistics, efficiency in formal 
information exchange in the context of inter-firm functional integration and by socio­
cultural and institutional factors enhancing information flow in a local milieu This 
dissertation investigates the role of the first two drivers in shaping the geographical 
configuration of backward linkages in NHVP industries This is done in a case study of 
the microcomputer hardware industry in Ireland and Scotland
The findings of the case study do not support the positive suggestions of greater 
backward linkage effects A detailed examination of the supply chains of the subsidiaries 
of foreign microcomputer assemblers shows that the vast majority of components and 
parts were imported from the Far East and, to a lesser extent, the USA It is shown that 
efficiency in technical information exchange was a relatively insignificant driver for 
buyer-supplier proximity, and how this fact was related to the particular way NHVP 
manifested itself m the microcomputer hardware industry Similarly, in relation to most 
material inputs, logistical efficiency did not lead to buyer-suppher proximity It is shown 
that the supply chains generally involved inbound inventories, stored in local warehouses 
-  ‘hubs’ -  from where the manufacturing lines were supplied on a very frequent basis 
This logistical solution should, however, not be interpreted as sub-optimal A detailed 
examination of the key logistics data shows that the inbound logistics pipelines were 
tightly managed and that inventory levels and shipment frequencies were consistent with 
modem comprehensive logistics management principles
The dissertation also explores the actual impact that the NHVP plants had on the quality 
and competitiveness of their local suppliers in non-core regions The findings show that, 
although the subsidiaries of the foreign microcomputer assemblers created few local 
linkages, they had a significant positive impact on the quality and competitiveness of 
nearly all local suppliers they were dealing with
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CHAPTER 1 IN TR O D U C TIO N
1 1 What is this Dissertation About9
This dissertation deals with the regional development effects, via production linkages, of 
subsidiaries of multinational enterprises that have adopted New High Volume Production 
approaches, m non-core regions It is principally targeting the discipline of economic 
geography, more specifically industrial geography
Industrial geography "seeks to explain the location dynamics of manufacturing activity 
and the local development implications of these dynamics" (Hayter, 1997, p 3) This 
definition incorporates two traditional themes of industrial and economic geography 
location and development The first theme concerns the choice situations of economic 
subjects, for example the location decision of an entrepreneur or a manager in a 
multinational enterprise The second theme primarily concerns the development of place 
as a geographical entity, for example a city, a region or a country Initially, the two areas 
of research developed distinct sets of theories -  location theory and local or regional 
development theory -  and the distinction is still being used as a way of structuring 
textbooks on industrial and economic geography (e g , Lambooy, Wever, and Atzema,
1997)
However, m reality the duality is no longer as strong as it was Present-day industrial 
geographical studies often touch both themes and contribute to a strongly integrated set 
of theories This can be partly related to actual developments in the way industry is 
organised Thus, in the chronology of plant-firm-system the region and regional 
development became more central (Hayter, 1997) Many studies of the industrial location 
behaviour of multinational enterprises (MNEs) are carried out with the aim of describing 
or explaining the consequences of this behaviour for the development prospects of 
various regions Similarly, research into the location of suppliers of MNEs and industrial 
agglomeration tendencies are often carried out precisely because of the importance of
!
1
these issue!)for the development prospects of regions The merging of themes and theories 
is reflected in the central question of modem location theory "how and why different 
types of production occur at different levels of quantitative resolution in different places, 
and how any specific locational outcome affects the performance qualities of the 
economy'1 (Scott, 1998, p 85)
In line with the above, this dissertation incorporates both themes of industrial geography 
It deals with the regional development effects of subsidiaries of MNEs m non-core 
regions However, within this, the dissertation focuses on one particular regional 
development effect, the indirect regional development effect through backward 
production linkages It provides part of the explanation of the geography of backward 
production linkages This is basically an explanation of the location of industrial 
suppliers relative to their industrial customers, and it is here where the main theoretical 
contributions of this dissertation lie
The above subject can be studied from a range of theoretical perspectives Up until the 
mid-1980s the disciplines of economic and industrial geography had involved three broad 
approaches to explaining the geography of production -  neo-classical, behavioural and 
structural approaches (Dicken and Lloyd, 1990, Healy and Ilbery, 1990, Lambooy, 1988) 
-  although some distinguish a fourth approach referred to as the geography of enterprise 
(Hayter, 1997) or the systems approach (Morris, 1988) The relative importance of the 
three approaches has changed over time Neo-classical approaches dominated economic 
geography in the 1950s and 1960s, behavioural approaches in the 1970s and structural 
approaches in the second half of the 1970s and 1980s and, in a more moderate form, in 
the 1990s Before positioning this dissertation, the characteristics of the various 
approaches are briefly outlined below In some cases the descriptions necessarily present 
stereotypes of the initial contributions
f
The neo-classical approach explains the geography of production principally in terms of 
spatial variations in economic costs and revenues The rationale rests on a number of 
important assumptions such as perfect competition and the location decision maker as a
2
Homo Economicus. Using perfect information a person or a firm is assumed to calculate 
the optimal location in the sense of minimising costs, maximising profits or both. This 
calculation involves a trade-off among various location factors such as the cost of raw 
material, labour and the costs of distance -  in the initial models mainly reduced to 
transport costs. Subsequently, based on the assumption of rationality, the firm chooses 
the optimal location. In any event, the assumption of perfect competition means that if the 
firm chooses a sub-optimal location it will be driven from the market. In explaining the 
geography of production the neo-classical approach focuses on 'purely economic' forces 
and pays limited attention to political, cultural, social and historical factors. Finally, since 
the location decision is determined by economic factors there is no need to analyse the 
decision-making processes or the strategies and structures of firms. The firm is treated as 
a 'black box'.
The end of the 1960s saw the rise of the behavioural approach. The behavioural 
geographers are critical of the unrealistic assumptions of the early contributions of the 
neo-classical approach, notably perfect information and the Homo Economicus. The 
argument is that decision-makers do not have perfect information. Furthermore many 
decision-makers do not always act 'rational' by choosing the economically optimal 
solution, but opt for 'satisfactory' solutions that meet their aspiration levels. In this view, 
in its search for an explanation of the geography of production the geographer should 
focus on the knowledge, preferences and aspirations of individuals and the decision­
making processes. The initial contributions of the behavioural approach focussed on the 
nature of individual decision-making behaviour. However, studies into the decision­
making processes increasingly revealed the important role of groups of individuals in 
institutions -  notably in MNEs -  as a variable in explanations of the geography of 
production. This gave rise to a new approach, the geography of production.
The proponents of the geography of enterprise (Hayter and Watts, 1983; Krumme, 1969; 
McNee, 1960) argued that in order to understand the geography of production one has to 
understand the way business organisations function. This requires an insight into and 
understanding of the strategies and structures of the firm and a theory of the firm. The
3
starting point for the early geography of enterprise was the strategies and structures of 
large vertically integrated multi-plant corporations, believed to be the prime movers in 
the contemporary economy Leaning on the, institutional theory of the firm industrial
i
location decisions were interpreted as an expression of corporate strategies that in turn 
were formulated m the context of bargaining processes involving various institutions 
such as the companies’ management, labour and shareholders but also rival firms, 
suppliers, consumers, governments and environmental groups As such the early
i
geography of enterprise held a different view on firm-environment relations than the neo­
classical and behavioural approaches Rather ¡ than treating the environmental conditions
i
such as wage levels, taxes and government regulations as given, corporations (and the 
other institutions) were believed to be able to[ influence their environment, and with that 
the geography of production (Hayter, 1997) !
i
I
The argument of the structural approach, leaning strongly on Marxist and neo-Marxist
i
writing, is that economic change and the geography of production can only be understood 
by analysing the underlying structure of capitalist society Rather than analysing the
i
decisions of individuals or groups of individuals the geographer should focus on the 
macro-socio-economic processes, the production process (in the broad sense) and the
i
social relations of production Early structuralist geographers, such as Richard Peet and 
David Harvey, initially adopted a relatively orthodox Marxist approach In this view the
t
actions of individuals and the role of spjace were subordinate to the underlying 
mechanisms of the capitalist system The| early structuralists were critical of the 
geography of enterprise for its focus on decisions made in individual corporations rather 
than on the more important fundamental processes of the capitalist system (Walker, 
1989) This criticism might be appropriately directed at early American contributions but
i
is less valid when directed at contributions from other regions, such as Britain, where 
there was never a sharp break between the geography of enterprise and the structuralist 
approaches (Dicken and Thrift, 1992)
The approaches in industrial and economic geography since the mid-1980s are more
i
difficult to classify There appears to be a degree of synthesis of the onginal approaches
The neo-classical, behavioural and orthodox structural approaches have disappeared in
iI
their original forms Early contributors to the geography of enterprise have adopted 
insights of the structural approach and in doing this have largely merged with it Many 
new approaches are essentially more moderate forms of the orthodox structural approach, 
distinguished, inter aha, by their views regarding structure-agency and structure-space
i
relations Thus, the critical realist (Pratt, 1995, Sayer, 1993) and regulation approaches 
(Cooke, 1992, Moulaert and Swyngedouw, 1992) are both characterised by a greater 
appreciation of the role of agency (firms, governments, etc ), space and place in analysing 
the geography of production while, at the j same time, appreciating the role of the 
underlying mechanisms of capitalism Similarly, the evolutionary structural approach
(Lambooy, 1988) recognises the role of actors, such as firms (both large and small) and
[
governments, as well as of the structural conditions and mechanisms In this approach,
however, there is a greater focus on the role of innovation and technological change
*
i
I
This dissertation incorporates elements of most approaches The dissertation deals with 
the regional development effects of MNEs in non-core regions Until the 1980s
i
contributions in the discipline of industrial geography generally painted a rather negative 
picture of the branch-plant economies Howeyer, since the end of the 1980s at least some 
geographers are postulating that subsidiaries of MNEs might start playing a more 
developmental role These ideas are based fon a perceived rise of flexible forms of 
industrial organisation and production The ideas are strongly influenced by a broader 
debate in the social sciences regarding a possible transition from the Fordist model of 
capitalist development to a new' post-Fordist model and, as part of that, a transition from 
a rigid Fordist industrial organisation to more flexible forms There are diverging views 
as to what precise form this new flexible industrial organisation will take although it 
might be that various forms will continué to coexist alongside each other This 
dissertation looks into the development implications of one particular outcome New 
High Volume Production, interpreted as a new, more flexible, form of mass production
There are literatures that suggest that the adoption of New High Volume Production 
(NI-IVP) approaches by MNEs might have both direct and indirect development effects
on non-core regions. This dissertation analyses the indirect development effects, in 
particular the backward linkage effects on the local supply base. The following problem 
statement guided the analysis:
Do NHVP approaches have significant indirect development effects in the 
form o f linkages, in non-core regions? How does NHVP affect the geography 
o f production linkages?
Theoretically, local linkage formation or buyer-supplier proximity in NHVP industries 
might be the outcome of three drivers. It can be driven by a search for efficiency in 
product flow/logistics, efficiency in formal information exchange in the context of inter­
firm functional integration and by socio-cultural and institutional factors enhancing 
information flow in a local milieu. This dissertation focuses on the role of the first two 
drivers in shaping the geographical configuration of backward linkages in NHVP 
industries. Again, the main theoretical contributions of this dissertation concern the 
extent and causes of local linkage formation by NHVP-adopting MNEs. An additional 
aim of the research project was to get more detailed insights into the actual impact that 
NHVP plants have on their suppliers in non-core regions. In relation to this, the 
dissertation also describes, in a more dynamic framework, the impact of the local 
linkages on the quality and competitiveness of the local suppliers.
Thus, at the broadest level this dissertation analyses the effects of changes in the model of 
capitalist development, in particular changes in the industrial organisation. In this lies an 
acknowledgement of one of the central ideas of the structuralist approaches -  the idea 
that the organisation of capitalist society is not static and that the dynamics of the system 
are important for our understanding of the geography of production.
At the same time the dissertation incorporates one of the central legacies of the 
geography of production -  the view that an explanation of the geography of production 
requires an understanding of the way business organisations function. In this dissertation 
the firm is not treated as a black box and the analysis does not stop at the factory gate. On
6
the contrary, a large part of the dissertation j  is taken up by a detailed analysis of the 
strategies and structures of companies and the characteristics of the various elements of 
the value chain These issues are subsequently related to the geography of production 
linkages Like the early geography of enterprise this dissertation mainly deals with large
t
multi-plant corporations However, in contrast to the early geography of enterprise, this 
focus is not driven by a premise that large enterprises are necessarily the only, or even 
most important, structuring agents in the modern economy This dissertation simply
I
studies the spatial consequences of one particular form of industrial organisation, one that
is characterised by large-scale production typically organised by MNEs
!
i
|
However, having laid out the changes in the pverall mode of production and the related 
changes in the strategies and structures of companies, the analysis and explanation of the 
impact of these changes on the geography of production linkages feature neo-classical 
ideas and concepts Thus, the actual consequences of these changes for the geography of 
backward linkages are analysed in terms of ¿uyers and suppliers rationally choosing an 
optimal location, based on a trade-off among location factors such as the cost of 
producing the material inputs -  notably labour costs -  the size of the market and distance
i
costs The investigation focuses on the role of 'purely' economic buyer-suppher proximity
i
drivers efficiency m product flow/logistics and efficiency in formal information
t
exchange The analysis does not incorporatej the role of socio-cultural and institutional 
factors in driving buyer-suppher proximity -f factors that feature so prominently in the
i
evolutionary structural approach that presently dominates the disciplines of economic and
industrial geography With this interest in the more 'economic' considerations the
(
dissertation joins other recent work dealing ¡with the geography of production linkages 
around MNEs (Cooper, O'Laughlin, and Kresge, 1992, Markusen, 1996, McCann, 1998, 
Park, 1996, VanHoek, 1998)
This dissertation is written with the premise that the neo-classical ideas can still 
contribute to an understanding of the present-day empirical reality, particularly in the
context of MNEs Compared to small and medium-scale enterprises, MNEs are at least a
\
closer representation of the Homo Economicus with a greater ability to collect and
rationally assess data on a global basis (Hayter, 1997) Furthermore, with respect to 
product/flow and logistics issues, although their influence on the geography of production 
linkages might have been reduced at the local level, their role is still apparent at the 
global level This is not to say that other approaches have no value Rather, this 
dissertation merely focuses on different issues, thereby aiming to expose different 
elements of the overall explanation j
i
ii
i[
The research followed a case study design, ¡largely inspired by Yin (Yin, 1984, Yin,
1993) Thus, to explore the indirect regional development implications of NHVP in non­
core regions four research patterns were developed, each incorporating a particular
f
combination of views regarding the effects of the buyer-suppher proximity drivers in the 
context of NHVP industries in non-core regions The relevance of these patterns has been 
explored by looking at the case of the microcomputer hardware industry in Ireland and 
Scotland Most data were collected by interviewing various functionaries at the 11 
branded computer makers in Ireland and Scotland Additional data were collected via 
postal questionnaires, documentation research and direct observation
i
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1 2 What is New in this Dissertation9 j
I
This dissertation is original in various ways Foremost, it provides new contributions to 
theory regaiding the geography of backward j linkages in industries characterised by the 
adoption of NHVP approaches and the implications for the indirect development effects 
of subsidiaries of MNEs in non-core regions As part of this, for the first time this 
dissertation provides a detailed account of a relatively new and increasingly popular way 
of structuring inbound logistics pipelines, here referred to as ‘hubbing’
The dissertation is also original in that it presents a case study of the entire 
microcomputer hardware industry in Ireland and Scotland Similar research has been 
carried out previously by Angel and Engstrom (1995) as part of their study of the
I
personal computer (PC) industry in the USA That study reported that PC plants had very
few linkages with suppliers in the USA However, the present research analyses the
geography of the microcomputer industry»in an entirely different context, that of
\
subsidiaries of multinational enterprises operating in non-core regions Furthermore, in 
explaining the causes of limited local linkage  ^formation by PC plants m the USA, Angel 
and Engstrom concentrate on the role of only one possible driver for buyer-suppher 
proximity efficient technical information ¡exchange The present dissertation also
I
investigates the role of a second driver logistical efficiency
i
[
I
Another aspect of this dissertation’s originality is that, in analysing the geography of
i
production linkages it, more than other studies, takes account of the interrelationships
between the various elements of the value chain of a company Notably, it clearly shows - -
!
the significance of the connections between customer relations and distribution, a build- 
to-order production strategy at the assembly plants, the inbound logistics systems and the
i
geography of production linkages |
l
I
i
A final aspect of originality concerns the1 conceptualisation of NHVP approaches 
Although the existence of NHVP approaches ¡has been acknowledged for some time, this
i
dissertation positions them more precisely amid other post-Fordist forms of industrial 
organisation
t
i
Ii
1 3 The Structure of the Dissertation !
i
The dissertation is divided into 6 chapters Following this introduction Chapter 2 first
reviews the existing literature and presents the research patterns that have guided this
!
research The chapter positions NHVP approaches as a distinct post-Fordist form of
I
industrial organisation and describes the main characteristics The main part of the 
chapter explores existing ideas regarding thje indirect regional development effects of 
NHVP approaches and analyses the proposed logic underlying the idea that the 
approaches might drive buyer-suppher proximity Based on this analysis, the target 
research pattern, or hypothesis, is that the adoption of NHVP approaches will not lead to
significant local linkage formation in NHVP industries m non-core regions Technical 
information exchange is not expected to drive proximity Similarly, although the 
comprehensive logistics management principles are appreciated, these principles are not 
expected to result in proximity
Chapter 3 outlines the research methodology Chapter 4 is the first of two empirical 
chapters After outlining the development of the global and regional microcomputer 
hardware industry the chapter determines the extent to which the microcomputer industry 
matches the textbook picture of NHVP The detailed analysis of the various elements of 
the value chain shows that the microcomputer hardware industry had many 
characteristics of textbook NHVP approaches However, the chapter also shows that 
important elements were not fully born out These findings provide an important basis for 
analysing the geographical configuration of the supply network This is done in Chapter 
5 The chapter first outlines the geographical configuration of the supply networks of the 
microcomputer hardware assemblers in Ireland and Scotland and shows that the vast 
majority of material inputs were sourced from other continents Subsequently the role of 
the two selected buyer-supplier pioximity drivers is analysed The findings largely 
support the target research scenario Supplementing the core theoretical contributions, the 
chapter also explores the indirect regional development effects in a more dynamic 
framework by describing the impact of the local linkages on the quality and 
competitiveness of the local supply base The conclusions are presented in Chapter 6
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CHAPTER 2 LITER A TU R E R EVIEW  AND TH EO R ETIC A L FRAM EW ORK  
2 1 Introduction
The post-war Fordist geography of production and regional development has long been 
interpreted in terms of a new spatial division of labour (Massey, 1984) or a new 
international division of labour (Frobel, Heinrichs, and Kreye, 1980, Perrons, 1981) 
Although acknowledging the reality of post-war industrial decentralisation, both theories 
involved strong core-penphery thinking The idea was that multi-locational companies 
are exploiting regional and international variations in factor endowments and factor costs 
by a selective allocation of functions across space MNEs in particular were seen to 
locate higher level command and conception activity m core regions, particularly in the 
home country, while lower level operations, such as labour intensive component 
manufacturing and assembly, took place in branch-plants located in the periphery of the 
national, continental or global economy
The branch-plant stereotype included labour intensive routine production, unskilled or 
semi-skilled labour, very limited R&D functions, external control, limited decision 
making power and limited local supply linkages (Pike, 1998) Their lack of integration 
with the local economy has been captured in the term 'cathedrals in the desert' (Grabher, 
1992, Grabher, 1994, Hardy, 1998, Moms, 1992a) The peripheral 'branch-plant 
economies' (Firn, 1975), were seen to play a dependent role in increasingly globalised 
production systems, dominated by people and institutions in core regions (Etthnger, 
1992) As a result, MNE investment was believed to contribute little to a process of self- 
sustaining, endogenous, regional development Rather, the core-periphery relationship 
was locking peripheral regions in 'a permanent cycle of underdevelopment' (Scott and 
Storper, 1992b)
Since the end of the 1980s, new empirical evidence started to throw some doubt on the 
validity of the spatial and international division of labour models and related branch-plant 
generalisations New typologies, often strongly influenced by new insights arising out of
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the post-Fordist debate regarding an alleged restructuring of the sociologies and 
geographies of industrial organisation, suggest that branch-plants can, potentially at least, 
have developmental effects Thus, the 'cost or price sensitive company' is contrasted with 
the 'performance company' with its ’performance' or 'quality plants' (Amin, Bradley, 
Howells, Tomaney, and Gentle, 1994, Amin and Tomaney, 1995, Hardy, 1998, Pike,
1998) Others apply concepts such as the 'developmental multinational subsidiary' 
(Young, Hood, and Peters, 1994) or ’technical branch-plants1 (Glasmeier, 1988) Turok 
(1993) juxtaposes 'developmental' and 'dependent' linkage scenarios
The structures and strategies of the ’performance' MNE are depicted as more 'localised' 
than those of the global American Fordist Corporation, giving rise to the concept of 
'global localisation' (Cooke, 1992, Cooke and Wells, 1992, Dicken, 1994, Dicken, 
Forsgren, and Malmberg, 1994, Moms, 1992a) The 'new' quality branch-plants are 
generally presented as more 'embedded' in the local economy than their Fordist 
predecessors (Amin and Tomaney, 1995, Dicken et a l , 1994, Grabher, 1992, Grabher, 
1994, Pike, 1998, Turok, 1993, Young et a l , 1994) The relatively stronger local 
integration allows greater responsiveness and flexibility and increases the ability to 
exploit local resources Because of this greater integration with the local economy MNEs 
would be able to function as ’growth poles' for regional development (Amin et a l , 1994, 
Amin and Malmberg, 1994) Rather than locking regions in a permanent cycle of 
underdevelopment, the ideal-type quality plant has the potential to contribute to a process 
of more self-determined (Grabher, 1992, Grabher, 1994), self-governing and self- 
sustaining (Amin and Tomaney, 1995, Pike, 1998, Young et a l , 1994), endogenous 
(Etthnger, 1992, Hardy, 1998), regional development
The problem with the rather loosely defined (Pike, 1998) concepts such as ’performance’ 
company/plant is that they insufficiently incorporate the fact that the post-Fordist 
industrial organisation can take different forms with potentially different implications for 
the geography of production and regional development In relation to this a growing body 
of academics recognises the importance of what have been called New High Volume 
Production approaches, existing alongside forms incorporating the idea of flexible
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specialisation This dissertation analyses the potential for these NHVP approaches to 
create new regional development possibilities in non-core regions
It is possible to distinguish 'direct and 'indirect' regional development effects of MNE 
subsidiaries adopting NHVP (Young et a l, 1994) The direct effects mainly concern 
changes in the employment structure/conditions, functional upgrading of operations and 
consequences for the balance of payments The indirect effects mainly concern the 
impact on suppliers, customers, competitors and firms producing complementary goods 
This dissertation focuses on one of the indirect effects, the backward linkage effects on 
the local supply base
Section 2 2 first positions the concept of NHVP within the broader post-Fordist debate In 
describing the various post-Fordist scenarios, particular attention is paid to the associated 
geographies of production and regional development implications Section 2 3 focuses in 
more detail on the NHVP approaches by outlining the central principles and the 
consequences for various elements in the value chain Section 2 4 analyses existing 
theoretical and empirical work regarding the implications of NHVP approaches for the 
regional development effects of MNE subsidiaries in non-core regions The first sub­
section deals with the indirect effects, the second with the direct effects The next three 
sub-section zone in on the indirect effects by looking in more detail into the logic behind 
buyer-suppher proximity in NHVP industries
The theoretical contributions of this dissertation concern mainly the extent and causes of 
local linkage formation associated with NHVP approaches Section 2 5 presents the target 
and rival research patterns that have guided the research in this regard The study also 
assesses the more dynamic impact of the local linkages on the quality and 
competitiveness of the supplier base Section 2 6 outlines the framework that has guided 
this aspect of the research The chapter finishes with a conclusion that contains the 
formulation of the overall problem statement as well as the presentation of the case that 
was selected to research the theoretical propositions laid out in the target research pattern
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2 2 Fordism, Post-Fordism and New High Volume Production
The economic crisis of the mid-1970s has reinvigorated a classical debate about the 
dynamics of capitalism One facet of the debate involves scholars from various 
disciplines who are theorising a perceived transition from the Fordist model of capitalist 
development to a new, post-Fordist, model However, the idea of transition to a new 
period, a clean break, is far from universally accepted, with the critics stressing a more 
evolutionary interpretation leading to a new model, combining old and new elements 
This dispute, concerning the relevance of the idea of a clean break, represents a second 
facet of the debate
Post-Fordist theories of transition are informed by different approaches and cover a wide 
variety of themes at different levels of analysis In the first sub-section, leaning strongly 
on the writings of Amin (1994) and Elam (1994), I will briefly outline the way various 
approaches perceive the transition to a new model of capitalism and briefly outline the 
major themes covered in the debate One of the themes concerns the new sociologies and 
geographies of industrial organisation The next three sub-sections outline three views 
regarding the future industrial organisation and associated geographies that can be 
distilled from the academic literature flexibly specialised conglomerations of small and 
medium-scale enterprises (SMEs), flexible specialisation around large firms and new 
high volume production
2 21  The Post-Fordist Debate
The neo-Schumpeterian approach, strongly promoted by the work of Freeman and Perez 
(1988), interprets the transition between models of capitalist development in terms of 
'long waves' and 'gales of creative destruction' The long waves are characterised, first, in 
terms of their technological content, as 'techno-economic paradigms' These paradigms 
are periodically overhauled in processes of creative destruction representing fundamental 
technological revolutions driven by a key new technology The diffusion of innovations
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in technology is facilitated by socio-institutional changes During the 1980s the capitalist 
world is presumed to have found itself in transition from a (Fordist) ’electro-mechanical / 
oil and petro-chemicals paradigm' to the (post-Fordist) 'information technology 
paradigm’ The early contributions have been attacked for technological determinism and 
reductiomsm Although Freeman and Perez acknowledge the intrinsic relations between 
the techno-economic and social institutional spheres, in the succession of waves, "the 
history of capitalism remains one where 'new' techno-economic forces always do the 
initial acting and 'old' socio-institutional frameworks the eventual reacting" (Elam, 1994, 
P 46)
Piore and Sabel (1984), two of the architects of the flexible specialisation approach, 
interpret the transitory period as a 'second industrial divide' -  a period where the Fordist 
technological paradigm is being replaced by a new technological paradigm, possibly 
flexible specialisation In contrast to the neo-Schumpetarian approach, the transformation 
is not primarily driven by technology Piore and Sabel stress that the resulting 
technological trajectory is not pre-determined but will be decided by social and political 
forces However, they tend to reduce these social and political forces to market forces 
The prime driver behind the current transition is seen to be the change from 
stable/predictable to unstable/unpredictable demand This requires, or is facilitated by, 
new politico-institutional constellations and new (embodied and non-embodied) 
manufacturing technologies
The regulation school, developed in France m the 1970s as a neo-Marxist perspective on 
the reproduction of capitalism The approach is broader and more politicised than either 
the flexible specialisation or the neo-Schumpetenan approach Building upon the critique 
of mechanistic and catastrophic interpretations of Marx, it acknowledges the possibility 
of capitalism's survival In explaining capitalist development, the Marxist focus on the 
mechanistic workings of economics is replaced by an appreciation of both the economic 
and the political structures Qualitative change within capitalism is forced by two 
fundamental dynamics, one giving rise to specific ’regimes of accumulation', the other to 
particular 'modes of regulation' Along with others, these two concepts were applied to
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capture the coherent system of a particular phase of capitalist development in a particular 
context, the crisis tendencies within the system and the development of new systems The 
regulatiomst approach is less technologically deterministic than the neo-Schumpeterian 
approach and less economically deterministic than the flexible specialisation approach 
(Elam, 1994)
Amin (1994) identifies four, to some extent interrelated, themes covered in the debate 
new macro-economic designs, new sociologies and geographies of industrial 
organisation, policy and politics, and culture and lifestyles The various approaches, and, 
within those, the individual contributors, have different ideas as regards the drivers of 
transition, the characteristics of the perceived new phase of capitalist development, and 
the way it should be interpreted, e g , as neo-Fordism or as post-Fordism
The focus of this dissertation will be on the second theme, 1 e new sociologies and 
geographies of industrial organisation This theme concerns the perceived transition from 
a rigid Fordist industrial organisation to more flexible forms As an industrial paradigm, 
the 'old1, ideal-type, Fordism was a system of 'assembly-lme-based mass production' of 
standardised goods (Asheim, 1992) Production took place in large vertically integrated 
plants owned and centrally controlled by large, often multinational, corporations Rising 
productivity was based on mechanisation, the pursuit of internal economies of scale, a 
detailed division of tasks and work intensification (Amin, 1994) Long production runs 
and dedicated machinery were intended to minimise down-time Driven by similar 
considerations, suppliers were producing and delivering standardised components in 
large, infrequent, batches Price competitiveness was the single most important criterion 
in supplier-selection (Sayer, 1986) Finally, as regards the geography of production, the 
narrow focus on price, production costs and labour cost minimisation meant that the 
Fordist system was often characterised by an extreme spatial division of labour and 
spaced-out supply chains Peripheral regions were incorporated in a dependent way 
through branch-plant investment that contributed little to regional development
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The economic crisis of the mid-1970s has been interpreted as a ’crisis of Fordism' (Amin,
1994) The Fordist methods of work organisation had reached their limits in terms of 
productivity growth Furthermore, due to its inherent rigidities, the Fordist system was 
unable to cater for modem markets, characterised by increased instability and a demand 
for variety, quality and responsiveness The idea is that a resolution of this crisis, if 
possible at all, requires new, more flexible, forms of industrial organisation with 
repercussions for the geography of production and regional development potential There 
are however diverging views as to the form that this new industrial organisation and its 
geography will have The following sections outline three views regarding future 
industrial organisation and associated geographies of production that can be distilled 
from the academic literature r* -
2 2 2 Flexibly Specialised Conglomerations o f SMEs
One initially influential idea was that conglomerations of co-operating SMEs would 
replace Fordist Mass Production as the dominant mode of industrial organisation This 
was one of the scenarios described by Piore and Sabel (1984) They depicted a clearly 
post-Fordist scenario, a clear break with Fordism, "a shift of technological paradigm and 
a new system of regulation'1 (1984, p 252) According to Piore and Sabel, this scenario 
would not necessarily manifest itself and it was still possible that growth could relaunch 
itself on the established Fordist model However, the authors appear to believe that the 
first scenario is more likely -  "adjustment to a world of flexible specialisation is thus the 
probable challenge for the US economy" (1984, p 282) Similarly, other adherents of the 
flexible specialisation/accumulation thesis1 have portrayed a clear break with Fordist 
Mass Production (Hirst and Zeitlin, 1991, Storper and Scott, 1989)
1 These two theses are not interchangeable (Am in and Thrift, 1992) The flexible accum ulation thesis draws 
on the regulation approach and generally  theorises a  broader m acro-econom ic design However, regarding 
the envisaged future industrial organisation and concom itant geography o f  production, the ideas o f  authors 
like Storper and Scott (1989) are not far rem oved from those o f  Piore and Sable This is partly a result o f  
the rather eclectic theoretical fram ew ork applied (Am in, 1994, Lovering, 1990)
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According to Piore and Sabel (1984), the large Fordist Mass Production corporation was 
unable to compete in the new market environment, characterised by volatility and 
increased demand, variety and quality Flexibility could be provided by flexibly 
specialised conglomerations of SMEs The idea is that the craft mode of production is 
inherently more flexible than Mass Production New production technologies, such as re­
programmable computerised production equipment, are seen to support this efficiency 
However, the most important characteristic of flexibly specialised SMEs is the fact that 
they are integrated into a larger industrial structure or industrial district In the ideal type 
industrial district, individual firms specialise in a particular phase of the production 
process Assemblers will buy components, parts and services from a continuously 
changing group of suppliers involving flexible agreements rather than long term 
contracts This structure is both flexible, by virtue of its ability to continually reshape the 
productive process through the rearrangement of its components, and specialised, in the 
sense that the aim of redeployment is limited (Piore and Sabel, 1984) The district as a 
whole enjoys economies of scope as well as (external) economies of scale
Technological dynamism and the regeneration of resources is maintained through subtle 
systems that reconcile competition and co-operation Competition will stimulate 
innovation But this competition is necessarily limited since individual firms depend on 
the larger grouping for the reproduction of resources Co-operation takes place through 
research, educational and credit institutions, trade associations and firm networks The 
subtle combination of competition and co-operation requires micro-regulation that is 
provided through the ethnic, religious, family or other community ties and other 
arrangements that build trust
As regards the geography of production, proponents of the flexible specialisation/ 
accumulation thesis claim that flexible production will lead to a (re)-agglomeration of 
production in product specialist neo-Marshalhan industrial districts or 'new industrial 
spaces' (Scott, 1998) The thesis is one of 'localisation' or a 'return to place' -  a 
dependence on locational proximity between different agents involved in any production 
filière and a generalised return to the region as the basic unit of economic development
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(Amin and Malmberg, 1994, Amin and Thrift, 1992) The belief in industrial 
agglomeration or localisation generally involves a range of agglomeration factors, 
although individual theorists emphasise different factors (see Table 2 1) The reasons 
provided for agglomeration can broadly be categorised into efficiency factors and socio­
cultural factors "Some writers trace the forces that produce patterns of agglomeration to 
mechanisms that enhance efficiency and flexibility, while others put more emphasis on 
the benefits of agglomeration in terms of enhancing dynamic improvement, learning and 
innovation Some model the pecuniary gams that firms can yield from being close to each 
other, while others emphasise the role of socio-cultural and institutional structures that 
tend to evolve m places where a particular industry establishes a stronghold" (Malmberg, 
1996, p 393)2 -  —
The efficiency factors, or cost-based factors, involve Marshall's established concept of 
external economies of scale (Krugman, 1991a, Krugman, 1991b, Marshall, 1898, Weber, 
1929) The basic idea is that concentrations of production units provide advantages for 
individual production units in the form of a well developed base of suppliers and 
customers and a local pool of workers The local pool of labour presents an efficiency 
gam for both workers and plants by maximising job-matching opportunities and thus 
reducing the search costs (Gordon and McCann, 2000, Krugman, 1991a) Similarly, as 
regards buyer-suppher proximity, a localised industry can support more suppliers, which 
increases the level of specialisation and efficiency of the supply base which, in turn, 
presents an efficiency gam for the customers (Harrison, 1992) The key proximity drivers 
are efficiency in product transport/logistics and formal information exchange -  the 
transaction costs across distance "Because of the costs of transacting across distance the 
preferred locations for each individual producer are those where demand is large or 
supply of inputs particularly convenient -  which in general are the locations chosen by 
other producers" (Krugman, 1991a, p 89)
2 The following section is extracted from a broader, co-authored, account o f  the concept o f agglom eration 
(Jacobson, Heanue, and Van Egeraat, 2002)
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These efficiency factors remain important to the formation of neo-Marshallian industrial 
districts and new industrial spaces However, the flexible specialisation/accumulation 
thesis includes an additional logic Partly informed by transaction cost theory, Scott
(1998) argues that the flexible industrial organisation will be characterised by vertical 
disintegration and widened external transactional structures (linkages) The associated 
rise in transaction costs (notably the cost of information exchange involved in seeking 
new suppliers, renegotiating production contracts and rebuilding linkage contracts) will 
induce spatial agglomeration Proximity will increase the transaction efficiency, 
particularly in the case of those industries producing non-standardised output and 
characterised by a strong dependence on external, unstable production and technology 
linkages
Alongside these efficiency factors, the proponents of the flexible specialisation thesis 
stress the importance of a second group of agglomeration factors, related to proximity in 
a socio-cultural and institutional sense and how this benefits processes of learning and 
innovation (Asheim, 1992, Gertler, 1992, Malmberg and Maskell, 1997) These ideas are 
inspired by the work of a group of Italian industrial and regional economists (e g , 
Becattmi, 1990) that advocated a 'neo'-Marshalhan approach to industrial district 
analysis 3 The neo-Marshallîan economists lean strongly on the original meaning of 
Granovetter's (1985) concept of 'embeddedness' -  that economic actions of actors are 
embedded in social relations For several reasons this embeddedness is believed to drive 
proximity between economic actors First, as explained by Harrison (1992, p 478), 
economic actions are facilitated by trust This trust can best be built through learning 
about the idiosyncrasies of the actors which requires repeated personal, face-to-face, 
interaction Such contact is enhanced by geographical proximity
A second, more complex reason involves the entire local context or milieu, the local 
institutional set-up and the wider socio-cultural environment (Malmberg, 1996) In the 
words of Cooke and Morgan (1998), economic performance, learning and innovation
3 The prefix 'neo1 refers to the fact that the elem ents o f  M arshall's ideas stressed by this approach differ 
from the elem ents that had been stressed by the m ainstream  econom ists and regional scientists thus far 
(Asheim, 1992, A sheim , 1999, Harrison, 1992)
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depend more and more on a capacity to support externalised relationships among 
economic actors -  an "associational capacity" 4 This associational capacity can be 
strongly facilitated by a microconstitutional regulation process laying down the rules of 
the game -  common norms, values and institutional routines The microconstitution is the 
basis for trust relations that may be derived socio-culturally, politically, administratively 
or economically It will not only strongly facilitate the formal, intentional, exchange of 
tacit knowledge but also knowledge spill-over Furthermore, tacit knowledge tends to 
become embedded in the local milieu (Malmberg, 1996) -  "the mysteries of the trade 
are in the air" (Marshall, 1898) Actors located in other regions can not simply tap into 
these associational economies by maintaining face-to-face contact through frequent 
travel In order to enjoy the advantages actors have to be part of the milieu, and this is 
what drives proximity
The proponents of the flexible specialisation/accumulation thesis have claimed that the 
transition to a flexibly specialised industrial organisation will have positive implications 
for both the well-being of the individual worker and the development prospects of 
individual regions Flexible specialisation is seen to open up long-term improvements in 
working life conditions Thus according to Piore and Sabel (1984), the adversarial, 
hierarchical relations and routimsed labour of Mass Production are believed to be 
replaced by collaboration and solidarity and higher intellectual participation of the 
worker The transition from traditional Mass Production to flexible specialisation is also 
believed to enhance the development prospects of individual peripheral, less favoured, 
regions by creating an environment more conducive to an endogenous, self-governing 
and self-sustaining development strategy, less dependent on external factors and 
resources
This scenario of an era dominated by SMEs localised in industrial districts or new 
industrial spaces has been criticised on empirical and theoretical grounds One of the
4 Like m any o f  the other authors cited in this section, Cooke and M organ are not included here as 
proponents o f  the thesis involving flexibly specialised conglom erations o f SM Es In contrast to the flexible 
specialisation thesis, the authors acknow ledge the fact that m any agglom erations will rem ain strongly
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main critiques addresses the generality of the evidence (Amin and Malmberg, 1994, 
Amin and Thrift, 1992, Gertler, 1992, Harrison, 1994, Lovenng, 1990, Moms, 1992a) 
The thesis of a (re)-agglomeration of production is supported by reference to a handful of 
empirical examples, mostly situated in the core areas of Western economies (Markusen, 
1996, Park, 1996) The question remains whether the success of the cited examples is 
replicable in other regions, lacking the key ingredients of entrepreneurial culture and co­
operative ethos, based on socio-cultural homogeneity Furthermore, many of the cited 
examples are actually controlled by large firms or subsidiaries of MNEs and many of the 
linkages are non-local (Amin and Thrift, 1992, Andreosso and Cassidy, 1996, Benko and 
Dunford, 1991, Gertler, 1988, Harrison, 1992, Harrison, 1994, Jessop, 1992, Morris, 
1992b), calling into question-the idea'of dominance of SMEs in relatively self-contained 
industrial districts According to the critics, oligopolistic corporations and industrial 
financial groups continue to dominate and control the majority of global production 
systems -  "oligopoly is alive and well" (Martinelli and Schoenberger, 1991)
As regards criticism on theoretical grounds, the logic involving new market conditions 
and diminishing internal economies of scale/ vertical disintegration has been attacked 
from various angles Both Jessop (1992) and Conat (1991) argue that the conditions on 
which the validity of the model of flexible specialisation depends, i e markets of stable 
size, short life cycles and changing product composition, are limited Rather, in many 
cases market conditions favouring strategies based on internal economies of scale will 
continue to exist Others argue that the new conditions of intensified uncertainty and 
increased competitiveness are not necessarily translated into externalisation of activities 
Scott (1988) believes this is the case because large vertically integrated firms are 
organisationally inflexible, leading to high intra-firm transaction costs However, as 
Benko and Dunford (1991) point out, many large enterprises are re-organising into 
internally and externally networked organisations, making them increasingly flexible 
Furthermore, even if the new economic conditions would give rise to a process of vertical 
disintegration, it is far from certain that this would necessarily result in re-agglomeration,
linked to global networks o f  production and they believe that subsidiaries o f  M NEs can be im portant 
constituents o f  industrial clusters and innovative milieus
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as Scott and Storper would want it According to Phelps (1992), although certain 
information related transaction costs might give rise to spatial agglomeration, the general 
decline in transportation costs means that production umts can enjoy external economies 
over larger distances
2 2 3 Flexible Specialisation around Large Firms
Although most of the early enthusiasts of the flexible specialisation/accumulation thesis 
initially focussed on conglomerations of SMEs, a number of proponents argue that 
analogous changes were ^underway in large firms In fact, alongside the regional 
conglomerations of SMEs, the Japanese federated enterprise and the 'solar' firm are 
among the four faces of flexible specialisation described by Piore and Sabel (1984) The 
Japanese federated enterprise is interpreted as flexibly specialised on the grounds of, inter 
aha, its alleged involvement in craft production, its semi-integrated, non-hierarchical 
organisation, its sense of common identity and its interlocking persomiel and financial 
agreements The 'solar' firms, with their orbiting suppliers, outwardly resemble the major 
mass-production corporations However, they are perceived as flexibly specialised on the 
grounds of the degree of autonomy of the suppliers and their important contribution to 
technology, their co-operation with the community institutions, and because of their 
involvement in craft production They do not produce long runs of standardised products 
-  "their size results from the high capital requirements of their products -  not economies 
of scale" (Piore and Sabel, 1984, p 267)
Sabel (1994) later argues that, in the era of flexible specialisation, multinational 
enterprises will increasingly reorganise their production on the lines of flexible 
specialisation, leading to an emergent corporate form which blurs the distinction between 
large and small firm structures The activities of multinational enterprises will resemble 
and actually blend into the activities of the industrial districts - "a fusion of large and 
small firms into industrial districts" (Sabel, 1994, p 145) Companies such as Xerox and 
Bosch are put forward as prime examples According to Sabel these companies are
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characterised by a regional reconcentration of production in decentralised units that have 
a high degree of autonomy Product lines are grouped geographically Innovative 
subcontractors, organised in a diversified network, are encouraged to have multiple 
customers in many industries, thereby enhancing their innovative capacity and reducing 
their dependence on one single customer The organisational structure of this "Bosch- 
model" is characterised by limited vertical inter-firm organisation and hierarchy
Likewise, Scott (1992) foresees that, in the post-Fordist era, large firms will continue to 
play an important role but he is less categorical regarding the idea that the post-Fordist 
era will be dominated by flexible specialised craft producers He argues that the two-fold 
division of production units by technological-organisational type into flexible specialists 
(characterised by small establishment size, small batch size, low level of product 
standardisation, low level of routimzation of the production process and short production 
cycle) and mass producers (with opposite characteristics) is inadequate, and that a 
threefold partition is needed including the notion of'systems houses'
Systems houses are large production units with variegated internal structures and large 
numbers of workers Their size flows from massive internal economies of scope (internal 
synergies) often flowing from the R&D intensity of the production process However, in 
other aspects the systems houses are akin to the flexibly specialised firm On the 
dimension of batch size, they manufacture complex outputs in small batches with 
radically varying output specifications Scott argues that these systems houses drive 
forward large segments of the rest of the flexible (post-Fordist) economy Thus, 
according to Scott, systems houses consume a wide variety of diverse, variable and often 
unpredictable inputs (whereas in mass production systems the trend is towards 
standardisation and streamlining of the inputs as far as possible) The difficulty in 
standardising and routimsing their input structure means that systems houses are 
interconnected via transactional networks with large numbers of flexibly specialised 
producers
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With his study of the high technology systems houses in southern California, Scott (1992) 
shows that the dependence on externally supplied, frequent, small batch, highly 
specialised, often customised and unpredictable inputs and subcontract services, leads to 
a dense local network of transactions focused on the systems houses -  an industrial 
district
Both Scott (1992) and Sabel (1994) foresee a flexibly specialised or post-Fordist society, 
where subsidiaries of multinational enterprises can be part of, or even resemble, flexibly 
specialised industrial districts with positive implications for localised regional 
development The acknowledgement of the role of the multinational enterprise is 
reflected in the depiction of the geography of industrial production and regional ^  * *** 
economic development in a global context as "a mosaic of specialised regional 
production systems" (Scott, 1992, Scott and Storper, 1992a, Scott and Storper, 1992b)
Each regional production system is foreseen to have its own system of mtra-regional 
transactional arrangements and local labour market activities and, at the same time, will 
be caught up within a world-wide web of inter-industrial linkages and investment flows
The acknowledgement of the continued role of the multinational enterprise does not 
undermine their belief in the enhanced prospects for localised regional development, even 
in developing regions Thus, although they acknowledge the problem of uneven 
development at a world scale, Scott and Storper are encouraged by developments in the 
Asian and Latin American NICs, where labour-intensive and flexible production 
activities are proceeding apace "The experience of these regions suggests that a 
flexible production base, combined with effective national and international marketing 
organisations, can generate significant rounds of economic growth, especially wheie 
producers are able to start climbing the quality/price frontier" (Scott and Storper, 1992b, 
p 15-16)
The acknowledgement of the role of global capital, large firms and subsidiaries of 
multinational enterprises went some way towards answering the large body of criticism 
that some of the categorical claims had attracted However, for many it was not enough
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Thus, Amin and Thrift (1992) and Gertler (1992) argue that Scott and Storper still do not 
sufficiently appreciate the extent of the globalisation of production Scott and Storper 
’’have begun to talk of the future as a complex juxtaposition of local and global 
production networks However, this development does not draw them sufficiently far 
away from the localisation thesis to warrant a reformulation of their position in the debate 
on the geography of flexible accumulation” (Amin and Thrift, 1992, p 573)
2 2 4 New High Volume Production
A growing body of academics disputes the validity of the distinction between flexible 
specialisation and mass production, in even stronger terms than Scott (1992) Based on a 
different interpretation of often the same exemplar firms, in contrast to the more 
categorical claims of the flexible specialisation/accumulation thesis, the argument is that 
mass production still flourishes However, it flourishes in a different form, incorporating 
characteristics that in some ways accord with, in others differ from, the flexible 
specialisation model (Jessop, 1992, Morgan, 1991, Sayer, 1989) Following the example 
of the Japanese, many large companies are successfully competing in the new market 
environment with new flexible forms of high volume production that are blurring the 
distinction between craft and mass production (Jessop, 1992, Tomaney, 1994) These 
firms are not producing standardised end-products but instead have succeeded in 
combining mass production with product variety and customisation
Hudson refers to these new forms as New High Volume Production (NHVP) approaches 
(Hudson, 1995, Hudson, 1997a, Hudson, 1997b, Hudson, 1997c, Hudson and Schamp,
1995) The umbrella-term embraces a range of text-book models, such as Just-in-Time/ 
Total-Quality-Management (JIT/TQM) (Sayer, 1986), Lean Production (Womack, Jones, 
and Roos, 1990), Mass Customisation (Kotha, 1995, Pine, 1993), Time-Based- 
Competition (Hum and Sim, 1996, Stalk and Hout, 1990), Dynamic Flexibility (Conat, 
1991, Veltz, 1991) and Diversified Quality Production (Jessop, 1992) Although 
emphasising different aspects, the models basically represent different versions of a
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generic scenario All NHVP firms, in one way or another, ’’combine the benefits of 
economies of scope and greater flexibility in responding to consumer demand, which are 
characteristic of small batch production, with those of economies of scale, characteristic 
of mass production” (Hudson, 1997b, p 303)
Like the systems houses described m the previous section, NHVP involves large 
establishment sizes and, relative to classical Mass Production, small batch sizes As 
regards establishment size, economies of scope and economies of scale still matter 
(Sayer, 1989) As regards batch size, NHVP companies are producing in small batches 
However, where the system houses and flexible specialists focus on the production of 
small batches of "extremely varied products which may go through many design changes 
as they are in process" (Scott, 1992, 269), NHVP approaches still involve a high degree 
of standardisation and routmisation The degree of product differentiation is lower -  
flexibility of range, rather than flexibility of products (Coriat, 1991) Whereas system 
houses and flexibly specialised production units "consume a wide range of diverse, 
variable and often unpredictable inputs" (Scott, 1992, p 269), NHVP approaches still 
involve a high degree of component standardisation and streamlining of inputs
As regards industrial organisation, like flexible specialisation around large firms, NHVP 
involves a high degree of vertical disintegration in combination with strong customer- 
supplier co-operation However, whereas the large flexible specialist producers deal 
directly with a large number of constantly changing small specialised suppliers, the 
NHVP companies, in search of economies of scale in component production and 
efficiency in the co-ordination of the supply chain, aim to rationalise and stabilise their 
supplier base (Veltz 1991) Compared to the flexible specialisation model, the idea of 
NHVP involves a significantly smaller supplier base and a higher degree of vertical inter­
firm organisation and hierarchy
As to the associated geography of production, NHVP operations remain strongly 
integrated in the global corporate networks of the multinational companies As will be 
outlined m the next section, NHVP does involve functional upgrading, organisational
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decentralisation and a transfer of autonomy to the local operations, but a strong degree of 
centralised control remains It is therefore difficult to see how NHVP operations can be 
part of'localised', 1 e 'self-contained', neo-Marshallian industrial districts
Some academics (Estall, 1985, Kenney and Florida, 1992, Mair, Florida, and Kenney, 
1988) have postulated that the widespread adoption of NHVP approaches might lead to a 
renewed drive towards agglomeration of industrial production in what might be called 
"clusters of NHVP" (Hudson, 1997c) However, the argument put forward by those 
theorising on the geography of NHVP (e g , Martinelh and Schoenberger, 1991, Schamp, 
1991, Estall, 1985, Hudson, 1997c, Kenney and Florida, 1992, Lubben, 1988, Mair et a l , 
1988, Reid, 1995, Schoenberger, 1997) generally does not incorporate all the forces 
underlying the spatial agglomeration of flexibly specialised conglomerations of SMEs in 
neo-Marshallian industrial districts (see Table 2 1)
Table 2 1 The flexible specialisation and NHVP arguments for agglomeration
Flexible specialisation/ 
neo-M arshallian 
industrial district 
argum ent
N HVP
argum ent
Factors related 
to the labour 
m arket
A local pool o f  w orkers m axim ising job- 
m atching opportunities S ✓
Factors related 
to product flow
Efficient product flow/logistics S ✓
Factors related 
to information 
flow
Efficient formal inform ation exchange in 
the context o f  inter-firm functional 
integration
/ ✓
Efficient formal inform ation exchange in 
the context o f  vertical disintegration
Socio-cultural and institutional factors 
enhancing formal and non-formal 
inform ation flow between actors that are 
part o f  the local milieu
K )
Like the flexible specialisation argument, the NHVP-agglomeration argument generally 
involves a labour market efficiency logic As regards buyer-supplier proximity, the 
NHVP argument also involves a product flow efficiency and an information flow 
efficiency logic However, the information flow argument is narrower than in the case of 
flexible specialisation The logic involves only the first of two new aspects of information
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space functional integration and vertical disintegration (Hepworth, 1989) The NHVP 
argument is based on the idea that proximity will enhance the efficiency in the formal 
exchange of information between partners, in the context of increased functional 
integration The strongly rationalised and relatively stable supply chains make Scott’s 
(1988) logic, involving transaction cost efficiency in the context of increased information 
linkages spawned by processes of vertical disintegration, less relevant Finally, the 
NHVP-spatial proximity argument generally does not involve the socio-cultural and 
institutional factors 5 The logic is best captured in Gordon and McCann’s (2000) 
industrial-complex model for spatial clustering, involving relatively large customer plants 
nurturing stable relations with relatively large supplier plants The mam reason for 
industrial clustering is that individual firms, 'in aiming to minimise their observable 
spatial transaction costs, have implicitly or explicitly determined that this is best achieved 
by locating close to other firms within the particular input-output hierarchy of which they 
are part
Although the resilience and continuing success of mass production in the form of NHVP 
is now increasingly acknowledged, particularly by regulatiomst scholars, there is no 
consensus as to the meaning of NHVP approaches for the development prospects of non­
core regions, hitherto characterised as 'branch-plant economies' Even among 
regulatiomsts, disagreement remains as to how to interpret NHVP New developments 
within mass production industries have been interpreted as evidence of neo-Fordism, to 
stress a strong element of continuity with Fordism and a deepening of the principles of 
intensive accumulation, while others prefer to see them as one of the contours of an 
emerging post-Fordist era, a genuine resolution of the crisis of Fordism (Amin, 1994)
The most positive interpretations foresee a functional upgrading of branch-plants in non­
core regions into more integrated business units, with continental mandates - a departure 
from the spatial division of labour that until the 1980s had formed the basis for allocation 
of functions across the globe The NHVP operations require more multi-skilled workers
5 However, as will be explained betow, in theory these factors can play a role -  hence the brackets m Table 
2 1
29
A new regime of labour relations is believed to provide better quality jobs, akin to those 
depicted by the flexible specialisation thesis (Kenney and Florida, 1992) Subsidiaries are 
portrayed as more ’embedded1 m the regional economy making NHVP plants less 
footloose, and stimulating a process of agglomeration and self-sustaining growth in non­
core regions
Being embedded is defined broadly here, as establishing a wider range of integrated 
functions in the region, as a greater dependence on the trained workforce and as 
maintaining substantial linkages with other firms in the region It is generally not used in 
its original meaning as defined by Granovetter and related to the importance of the local 
socio-cultural and institutional factors This is probably related to the earlier mentioned 
point that most non-core regions lack an entrepreneurial culture and a co-operative ethos 
based on socio-cultural homogeneity required to instigate such intense forms of 
embeddeness However, it is at least theoretically possible that once an initial cluster of 
NHVP branch-plants has developed on the basis of efficiency factors, the socio-cultural 
and institutional factors start to play a bigger role in the process of agglomeration and 
self-sustaining regional development This is what Cooke and Morgan (1998) suggest m 
the context of the formation of industrial clusters in Wales
Other scholars paint a less sanguine picture of the regional development effects of 
NHVP, or are not even convinced that Fordist Mass Production is being completely 
replaced by, post-Fordist, NHVP approaches Thus, Hudson stresses the continuities with 
Fordism and the fact that NHVP approaches will "combine ’old' methods of mass 
production with 'new' production concepts and practices" (Hudson, 1997c, p 470) For 
peripheral regions this might actually lead to a reduction in the quality of jobs and 
genuine functional upgrading is believed to remain limited Local linkages, according to 
this interpretation, remain of a dependent nature and limited in extent, partly as a result of 
space-shrinking innovations The overall geography of production is believed to retain 
strong elements of a spatial division of labour where the more sophisticated functions are 
allocated to core regions of Europe (Hudson, 1997c)
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This dissertation analyses the impact of NHVP approaches on the development prospects 
of non-core regions, with a particular focus on the indirect effects in the form of 
production linkages The study only investigates the role of the two buyer-suppher 
proximity drivers that are most often put forward in relation to NHVP industries efficient 
product flow/logistics and efficient formal information exchange in the context of mter- 
firm functional integration The study does not include the role of socio-cultural and 
institutional issues in driving proximity although it is acknowledged that these issues 
might well be relevant
The next section will describe in more detail the mam ingredients of NHVP, which paves 
the way for a more detailed theoretical treatment of the logic behind the spatial proximity 
argument
2 3 New High Volume Production The Main Ingredients
This section outlines the mam characteristics of NHVP approaches and the way these 
approaches differ from classical Fordist Mass Production The abstract concept of NHVP 
refers to a range of flexible production models, all with their own particular emphasis 
The discussion below will focus on the generic elements of NHVP, identified in a 
detailed comparison of four text-book NHVP models JIT/TQM (Sayer, 1986), Lean 
Production/ Lean Supply (Lamming, 1993, Womack et a l , 1990), Mass Customisation 
(Pine, 1993), Time-Based-Competition (Stalk and Hout, 1990) The actual description of 
the central principles and the implications for the elements of the value chain will 
however make reference to contributions of other authors, as well as to the other NHVP 
models mentioned in section 2 2 4
It is important to stress that this section outlines the ideal-type NHVP approaches The 
NHVP models coming out of the business literature are proposals for best practice 
operations, and "there is sometimes a dangerous slippage between descriptions of what is 
happening in some companies and plants and prescriptions of what ought to - indeed will 
have to - happen in all companies and plants" (Hudson, 1994, p 341)
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Below, the m am  elem ents o f  the ideal-type M ass P roduction system  are outlined first 
This is follow ed by a  treatm ent o f  the central principles o f  N H V P in section 2 3 1 
Subsequently, section 2 3 2 outlines the m am  consequences o f  N H V P for the various 
elem ents o f the value chain
In this thesis, N H V P approaches are interpreted as a response to tw o problem s 
encountered by the classical Fordist M ass Production firm  A ccording to C onat (1991), 
these are
1) The relative exhaustion o f  Taylorist and Fordist m ethods o f  w ork organisation as 
sources o f  productiv ity  grow th
2) The new  characteristics o f  dem and that a firm  faces
As regards the first problem , a sum m ary o f  the line balancing problem s and other 
rigidities o f  the classical Fordist M ass Production, or 'Just-in-C ase' (JIC), system  is 
provided by Sayer (1986)
1) For com plex products like cars or TV s it is d ifficult to balance the various flows o f  
parts and sub-assem blies into the m ain assem bly process w ithout gluts and shortages 
arising C oncerns w ith  speeding up individual m achines and individual workers' 
action allow s the creation o f  serious im balances betw een them  Paradoxically, 
production in exem plar com panies like Ford approached nothing like continuous flow 
but involved a high am ount o f  'dead-tim e' Any introduction o f  product diversification 
heightens these problem s
2) The JIC  system  entails large inventories o f  incom ing parts and com ponents and m- 
process inventories or buffers These are expensive in term s o f  interest charges, 
storage, and m onitoring costs and risk o f  obsolescence in case o f  changing m odel 
specifications
3) R elated to this, buffers conceal rejects and other quality problem s The possib ility  o f 
using another part from  the buffer stock instead o f  the defective one and the
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im perative o f  keeping the line m oving lowers the priority  g iven to dealing w ith  the 
source o f  the problem  A lso the tim e lapse concom itant w ith  the practice o f  producing 
parts and subassem blies in long runs and the physical d istance betw een suppliers and 
custom ers, conceals the origin o f  problem s and increases the reject rate
4) The practice o f  'testing quality in', rather than building it in first tim e, allow s 
significant quantities o f  labour and m aterials to be squandered on producing rejects 
and then on identifying and rectifying problem s
5) The functionally  and geographically  distant, price focused, and non-interventionist 
relations w ith  suppliers have disadvantages large, infrequent deliveries m ean heavy 
w arehousing and related costs, perm issive attitudes to suppliers1 quality control incurs
- costs, and the arm ’s-length relationships fail to encourage other kinds o f » - *  
harm onisation betw een supplier and custom er, for exam ple in the design o f  
com ponents
6) The JIC  system  requires a deep vertical hierarchy o f  control to co-ordinate d ifferent 
tasks, given that each w orker generally only know s anything about a single 
specialised, and often deskilled jo b  This in turn is both  cause and effect o f  num erous 
but rigid dem arcation lines highly com plex pay structures and an overw eight 
bureaucracy Furtherm ore, attem pting to push specialisation to the extrem e, 
elim inating all overlap in activities or com petition betw een internal divisions can lead 
to false econom y as it encourages em pire building, poor co-ordination betw een 
activities, inflexibility  and a lack o f  com petitive stim ulus
7) Restricting w orkers to single tasks under-uses their abilities, reduces m otivation, 
increases boredom  and hence fatigue, absenteeism , soldiering and resistance Rapid 
turnover o f  labour encourages deskilling and m anagem ent's w ithdraw al o f  trust and 
responsibility  from  labour tends to generate behaviour that justifies such policies 
Separating w orkers by buffer stocks conceals interdependencies betw een workers, 
reducing feedback and co-operation betw een them  D em arcation also inhibits the 
flexibility  in restructuring because it freezes a particular technical d iv ision o f  labour
8) Finally, the focus on  the continuity  o f  production, coupled w ith the priority  o f  
quantity  over quality inhibits process developm ent, thereby foregoing possible 
econom ies
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As regards the second problem , C oriat (1991) argues that dem and has becom e far m ore 
unstable and diversified, and so alm ost everyw here the dem and for standardised, m ass 
produced goods is being replaced by differentiated dem ands for lim ited runs o f  products 
w hose characteristics vary from  one batch to another. O n top o f  cost com petition, which 
continues to have its ow n im plications, is superim posed com petition  over quality, in the 
sense that keeping and w inning a m arket today increasingly involves m eeting a dem and 
that is specified and differentiated. To this can be added that m odern custom ers dem and 
fast response (Pine, 1993; Stalk and Hout, 1990). In the classical Fordist, JIC , M ass 
Production system , efficiency is based upon uniform ity and high volum e production o f  
standardised com m odities. The system  is inflexible and unresponsive to changes in the 
m arket and specific custom er requirem ents - custom ers are sold w hatever the chain 
produces.
In response to these challenges, the goal o f  all N H V P approaches is to sell the custom er 
w hat he w ants while, at the sam e tim e, increasing the productivity  o f  the value chain. 
This has im plications for a firm 's entire value chain and, beyond that, for the com pany's 
upstream  and dow nstream  relations. The next tw o sections will outline the central 
principles o f  N H V P and the im plications for the various elem ents o f  the value chain.
2.3.1 N ew  H igh  V olum e P roduction: C entra l P rinciples
It is possible to d istinguish three, related central principles o f  N H V P. All approaches aim  
to com bine econom ies o f  scale and scope, an attack on tim e and speed in all business 
functions and integration and com m unication throughout the value chain.
Combining economies o f scale and scope.
The aim  o f  all N H V P approaches is to accom m odate the m odern heterogeneous m arkets, 
variety o f  tastes and dem and for responsiveness. This requires that com panies increase
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and frequently replace their m odel variety In principle, the classical M ass P roduction 
system  w ould be able to provide variety by operating m ultiple lines, each producing  a 
different m odel in  long runs H ow ever, the rigidities o f  the production system  and 
com plexity o f  the scheduling function, in com bination w ith  the need to be responsive in 
an uncertain and volatile m arket environm ent m eans that the costs o f  providing variety in 
this way would rise, particularly  due to rising inventory levels
In response to the dual challenge N H V P approaches provide variety through a system  
that com bines the benefits o f  econom ies o f  scope (characteristic o f  sm all batch 
production) w ith  those o f  econom ies o f  scale (characteristic o f  m ass production) 
(Hudson, 1997c) A t the sam e tim e, inventory levels and risk o f  obsolescence are reduced 
through a com bination o f  m anufacturing and logistical solutions Thus, all N H V P m odels 
prescribe a reduction o f  the average batch size, or "a highly integrated series o f  sm all lot 
production processes ( ) on the sam e production line" (Sayer, 1986, p 55-56) In fact, 
the M ass C ustom isation approach advocates the production o f  individually  custom ised 
products, or ’lot sizes o f  one' (Pine, 1993) H ow ever, elem ents o f  econom ies o f  scale, and 
other characteristics o f  classical M ass Production, such as standardisation o f  com ponents, 
are retained at various places in the value chain  As Scham p points out, in relation to 
autom obile production, "the difference from  earlier m ass production does not consist o f  a 
renunciation o f  scale econom ies, but o f  their displacem ent from  the stage o f  final 
assem bly to the préfabrication stage" (1991 s p 162)
Time as a central strategic factor
All N H V P approaches share a recognition o f  the strategic role o f  tim e for com petitive 
advantage This recognition has been expressed through various catch phrases, m ost 
explicitly through the business m antra o f  "T im e-B ased-C om petition" (S talk and Hout,
1990) The JIT /TQ M  approach, advocates the elim ination o f  idle tim e (Sayer, 1986) and 
Dynam ic Flexibility  calls for the elim ination o f  dead tim e (C onat, 1991)
35
This increasing significance o f  tim e is driven by both dem and and supply side factors 
Firm s are facing an increased dem and for responsiveness and a shortening o f  the product 
hfe-cycles (Veltz, 1991) As a result, firm s increasingly need to w ork tow ards a faster 
introduction o f  new  products and a faster throughput and delivery  o f  existing products 
(Schroeder, 1993) O n the supply side, tim e is accorded a central role in the road tow ards 
productivity grow th The idea is "to convert dead tim e into tim e that is actually 
productive, w hether the dead tim e relates to w orkers, the rate o f  use o f  m achines, or the 
tim e in w hich raw  m aterials and sem i-finished goods are stored" (C onat, 1991, p 136) 
This idea applies beyond the individual m anufacturing plants or com pany -  "reducing 
tim e throughout the value chain is key to M ass Custom isation" (Pine, 1993, p 137)
A systemic model
Strongly related to the previous principle, all N H V P approaches are characterised by 
what V eltz (1991) calls a 'system ic m odel' -  an integrated cycle from  design to 
distribution in an interdependent system  The system ic m odel is partly  a response to the 
problem s associated w ith  the functional divisions and rigid, hierarchical, organisational 
structures o f  classical Fordist M ass Production that proved increasingly unable to live up 
to the new  requirem ent o f  responsiveness Instead, the system ic m odel is characterised by 
strongly integrated and flattened organisational structures that facilitate greater 
responsiveness
Furtherm ore, integration is seen as a new  way o f  achieving productiv ity  gains (C onat,
1991) Greater com m unication reduces the need for buffers, allow s for 'sim ultaneous 
developm ent' (W om ack et a l , 1990) and problem s or bottlenecks will be detected earlier 
than is the case w ith the sequential practices o f  classical M ass Production Furtherm ore, 
integration and com m unication betw een the various functions allow s for a fuller use o f 
hum an resources at all levels in the organisation Productivity  gains are often attributed to 
autom ation H ow ever, the im pact o f  these m odern technologies on productiv ity  is for a
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large part a reflection o f  their com m unicational com ponent and the pow erful process o f  
integration that results (Coriat, 1991, Veltz, 1991)
The principle o f  integration through com m unication applies to individual com panies as 
well as to the com panies and their environm ent - to its suppliers and custom ers The latter 
type o f  integration is referred to as supply chain m anagem ent (C hristopher, 1992), supply 
chain integration (Stalk and Hout, 1990) or value chain  integration (Pine, 1993) These 
netw ork integration processes involve com m ercial, logistics and production functions as 
well as design functions
2 3 2 Implications fo r the Elements o f the Value Chain
Here, the m ain characteristics o f  N H V P enterprises w ill be outlined under five headings 
custom er relations, product developm ent, the final assem bly plant, corporate organisation 
and the supply system
Customer relations and distribution
The dual challenge o f  increasing variety and productiv ity  are addressed by a com bination 
o f  production and outbound logistical solutions A ll N H V P approaches stress that 
flexibility requires a stream lined, strongly integrated, delivery system  characterised  by 
inter-com pany partnership A lthough there w ill be a constant pressure to reduce prices 
and cost, price negotiations are characterised by strong partnership, rather than cut throat 
negotiations Com m unication involves a constant exchange o f  inform ation about current 
and forecast end~custom er dem and and product developm ent plans
M uch attention is paid  to the reduction o f  tim e consum ption in the delivery system , 
w hich is seen to increase responsiveness, flexibility  and productiv ity  (H ise, 1995) One 
obvious" w ay is through a reduction in the physical distance to the custom er O ther
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strategies involve a reduction in the organisational and com m unication layers in the 
delivery system  (M ilne, 1990) In this regard direct sales/shipm ent strategies w ill reduce 
the tim e lost to double handling as well as facilitate closer producer-custom er relations
As a general w ay o f  retain ing efficiency in the supply  o f  high product variety , N H V P 
approaches involve a strategy o f  retarded differentiation (Coriat, 1991), also referred  to as 
postponed m anufacturing (V an H oek, 1996, V an H oek, 1998) or deferred  assem bly 
(Cooper, 1993) In  general, it m eans carrying out o f  differentiation as late, or as close to 
the actual need in tim e, as possible This w ill increase the overall efficiency o f  the value 
delivery system  because it allow s for scale econom ies m  the high volum e production o f  
standardised com ponents and a reduction o f  inventory holding costs The strategy can 
involve the outbound logistics function, a situation that has been referred to as value 
added logistics (VAL), sm art distribution, or value added distribution (C hristopher, 1992, 
Forfas, 1995a, Forfas, 1995b, Persson, 1995, V an H oek, 1996) In this case the final 
differentiation activ ities are decentralised from  the global m anufacturing plants to a V A L 
centre, located near the final m arket w hich w ill allow  for a further postponem ent o f  the 
differentiation
Product development
All N H V P approaches stress the im portance o f  innovation for long-term  com petitiveness 
and survival They all call for a reduction in the tim e it takes to design and introduce new  
products Thus, the m edian age o f  product offering becom es a key m anagem ent 
param eter (S talk and H out, 1990) A ttention is not lim ited to product innovations, the 
im portance o f  process and business innovations is em phasised as well In  contrast w ith 
classical M ass Production, w hich focused on breakthrough innovations, the N H V P 
approaches stress the im portance o f  continual increm ental innovations, as part o f  a 
broader fram ew ork o f  kaizen  -  continuous im provem ent involving everyone
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The success o f  this strategy depends on  high levels o f  organisational integration The 
focus o f M ass Production on breakthrough innovations resulted  in a separation o f  the 
innovation and production function In contrast, N H V P approaches prescribe the 
integration o f  innovation and production Isolation o f  developm ent functions, even those 
involved in the advanced technologies, from  the day to day w orkings o f  the com pany is 
to be prevented The relevant developm ent resources from  various functional areas 
(including sales and m arketing, planning and factory operation) are brought together in a 
team , preferably under one ro o f in close proxim ity  to the production  plants (Pine, 1993, 
W om ack et a l , 1990) The individual team  m em bers retain  ties to their functional 
departm ents O ne o f  the great benefits o f  such organisational integration is that it 
facilitates sim ultaneous developm ent (W om ack et a l , 1990) Product, part and process 
developm ent can take  place sim ultaneously rather than sequentially , as is the case in 
M ass Production, w hich  reduces the tim e it takes to develop and introduce new  products 
A nother advantage is that the involvem ent o f  factory operations will m ean that the 
m anufacturability o f  design receives due attention from  the outset (H andfield, 1993)
The assembly plant
An increase in the variety  reduces the possibilities for econom ies o f  scale, in the strict 
sense Furtherm ore, w hen the level o f  variety or custom isation increases, one o f  the m am  
challenges for the assem bly plant is to control the process com plexity  and inventory 
handling costs In the N H V P assem bly plant these challenges are addressed by a 
com bination o f  flexible processes, w ork practices and technologies and product 
engineering strategies that allow , as m uch as possible, for the retention o f  econom ies o f 
scale and in troduction o f  new  econom ies o f  range or scope as well as o ther efficiency 
gam s
Product engineering strategies aim  for the m odularization o f  com ponents that can be 
configured into a  w ide variety o f  end products There are various form s o f  m odularity, 
that can be com bined in one and the sam e com pany (C ooper, 1993, Pine, 1993) N H V P
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approaches often involve a com bination o f  com ponent-sharing m odularity, w here the 
same com ponent is used across a variety o f  end products, and com ponent-sw apping 
m odularity, w here different com ponents are paired  w ith the sam e basic product Through 
a strategy o f  com ponent m odularization, econom ies o f  scale are gam ed in the production 
o f  standardised com ponents rather than in the final assem bly process H ow ever, even in 
this stage, econom ies o f  scope or range (Coriat, 1991) can be gam ed through the use o f  
flexible m achinery and autom ation (Scham p, 1991) A part from  increasing the variety o f  
products on offer, m odularization will also facilitate speedier product developm ent
The standardisation, and reduction o f  the necessary com ponents and parts -  or product 
sim plificationw(Bhelps, 1993b) -  goes som e w ay tow ards solving the line balancing and 
inventory problem s encountered by the classical M ass Production plant H ow ever, in 
addition, N H V P approaches involve various form s o f  flexibility to increase efficiency 
and productivity in the production process6
Flexible m achinery as well as other, low  tech, solutions significantly reduce the set-up 
tim es and thus the waste o f  tim e and resources betw een production runs On a system  
level, flexible m anufacturing system s integrate various phases o f  the overall production 
process, including design and distribution M uch celebrated in this regard is the JIT 
production system  Instead o f  producing at m axim um  volum e in long runs, the essence o f  
this system  is that w ork is only done when needed, in the necessary quantity at the 
necessary tim e (Sayer, 1986) The reduction o f  the length  o f  the individual production 
runs and the concom itant reduction m buffer stocks, m eans that faults in individual 
com ponents will be detected earlier, thus reducing total quality costs (see section 2 4 4) 
(M cCann, 1998) The reduction o f  in-process buffers, or inventory levels, is both a 
requirem ent and an advantage o f  the system  Furtherm ore, the system  reduces planning, 
inform ation-handling and supervision costs and cycle tim es
6 At the same time, NHVP retains a number of rigidities and should therefore not be equated with flexible 
production (Gertler, 1992, Gertler, 1988, Hudson, 1997c, Sayer, 1989)
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A lthough JIT  p roduction  system s have the flexibility  to deal w ith  sm all fluctuations in 
volum e, a h ighly irregular and unpredictable sequence o f  pulls from  final assem bly 
w ould lead to inefficient use o f  labour and m achinery upstream  Therefore output has to 
be sm ooth enough, and production planning accurate enough, to enable the num ber o f 
w orkers and the size o f  w ork-in-process inventories to be m inim ised w ithout risking 
hold-ups or periods o f  zero productivity  (Sayer, 1986)
Preferably a JIT  system  should be follow ed right to the front-end o f  the production 
process, 1  e p roducts should only be produced w hen ordered and at the latest possible 
m om ent Such a ’build-to-order' or 'm ake-to-order' system  w ith short lead tim es 
(H andfiëld, 1993, Pine, 1993, Schroeder, 1993, Stalk and Hout, 1990) facilitates 
responsiveness and custom er choice and significantly  reduces the inventory costs and risk 
o f  obsolescence
Flexible m anufacturing system s are highly sensitive to error, rejects or stoppages, an 
extra m otive for the em phasis on quality in JIT /TQ M  and other N H V P approaches 
Preventative m easures reduce the occurrence o f  error System s are in place for detecting 
defects and for tracing problem s to their ultim ate cause I f  problem s do occur they are 
solved im m ediately, in process In the fram ew ork o f  kaizen -  continuous im provem ent 
involving everyone -  operators carry out preventative m aintenance and contribute to 
problem  solving
Productivity  is also enhanced by a m ore flexible use o f  w orkers (Gertler, 1988, Sayer, 
1989) F lexible labour m arkets or num erical flexibility, l e the use o f  overtim e, part-tim e 
em ploym ent and tem porary w orkers, enables N H V P firm s to adjust the aggregate 
quantity o f  labour used in production in response to fluctuations in dem and, thereby 
preventing waste through surplus workers Flexible w orking practices, or functional 
flexibility, involves individual w orkers perform ing a w ider variety o f  tasks This m ight 
m ean carrying out certain  m aintenance tasks, operating several sem i-autom ated m achines 
at the sam e tim e or carrying out a fixed cycle o f  different operations (Sayer, 1986) In 
every case the in tensity  o f  work, and thus productivity, is increased Furtherm ore,
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according to the proponents, such practices w ill lead to m ore involved w orkers, a fuller 
use o f  the various resources o f  each worker, less boredom  and a reduction in labour turn­
over
Corporate organisation and subsidiary roles
The era o f  M ass Production was characterised by a variety  o f  corporate organisational 
structures In  relation to this, B artlett and G hoshal (1989) distinguish  the 'm ultinational', 
the 'international', the 'global' and 'transnational' organisation structure 7 The prototypical 
~ ^  ~ ■ A m erican M ass Production corporation had an international or, later, a global
organisation structure Both form s w ere characterised by a high degree hierarchy and 
centralised control from  parent headquarters over the subsidiaries The 'global' 
organisation involved a centralisation o f  assets, resources and responsibilities, w ith 
subsidiaries assem bling and selling products and im plem enting plans and policies 
developed at headquarters O ther corporations, including m any continental European 
ones, had m ore decentralised organisation structures, akin to the m ultinational 
organisational form  Here, w orld-w ide operations were view ed as a portfolio  o f  national 
businesses Subsidiaries had significant authority and autonom y, although this was often 
lim ited to the host country in w hich the subsidiary operated (Y oung et a l , 1994)
Few N H V P m odels are explicit as regards the m ost appropriate corporate organisational 
form The m odels are strongly inspired by the success o f  Japanese corporations that until 
the end o f  the 1980s, did not provide a blue-print for international operations M ost 
Japanese corporations had few  overseas operations A ssem bly and com ponent 
m anufacturing activities were still m ainly located m Japan and international m arkets were 
served via exports O f  the N H V P approaches discussed, W om ack et al (1990) provide 
the m ost detailed proposals for international organisation structures 'post-national' 
com panies involved in 'm ultiregional production' These proposals w ere inspired by a
7 The description in this section of the categorisation of organisation structures and subsidiary roles by 
Hedlund and Rolander, White and Poynter and Bartlett and Ghoshal is strongly based on the overview 
article by Young et al (1994)
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small num ber o f  Japanese autom obile com panies that had gone furthest tow ards 
establishing a  truly global corporate structure
M ultiregional production involves the creation o f  'top-to-bottom ', paper concept to 
finished product, m anufacturing system s in the three m am  m arkets o f  the w orld -  the 
global ’triad' (O hm ae, 1985), 1  e N orth  A m erica, Europe and East A sia A t the sam e time, 
on a regional level, operations will be spatially centralised in one location, away from  the 
practice o f  som e M ass Producers to operate assem bly plants in various national m arkets 
Schoenberger (1997) envisages a sim ilar configuration in relation the rise o f  tim e-based- 
com petition Com peting in all m ajor m arkets provides econom ies o f  scale in com ponent 
production, denies com petitors exclusive m arkets and provides protection against 
regional cycles Production in or near the m arket o f  sale is seen as a requirem ent o f  a 
truly lean distribution sales and service system , particularly  i f  a build-to-order strategy is 
adopted Such a structure directly reduces the tim e to custom er and the outbound logistics 
costs, will shorten the planning cycle and, therefore, reduces uncertainty At the sam e 
time, consum er requirem ents differ by region and the m ultiregional presence allows 
com panies to 'be in touch’ w ith their custom ers Finally, the structure is seen to provide 
protection from  trade barriers and currency shifts
The ideal 'post-national' com pany will develop a set o f  products unique to each m ajor 
region These will be produced w ithin individual regions to serve the volum e segm ents in 
each region These products will then be exported to other regions to fill m arket niches 
The m ajority o f  dem and is m et by the production system  in each region and cross- 
regional trade is reasonably balanced
The associated organisation structure should be one that "functions sm oothly on a 
m ultiregional basis and gam s the advantage o f  an insider in each o f  the m ajor regions At 
the same tim e, it m ust benefit from  access to system s for global production, supply, 
product developm ent, technology acquisition, finance, and distribution" (W om ack et a l , 
1990, p 218) The authors do not present a detailed blueprint for organisation structures 
but argue that becom ing an insider in a region and sm ooth  operations requires substantial
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decentralisation O n the other hand, co-ordination and centralisation is required to avail 
o f  certain econom ies o f  scale and savings through standardisation in assem bly and 
com ponent production/developm ent as well as savings related to com pany-w ide 
consolidated purchases The suggestions include a m echanism  for co-ordinating the 
developm ent o f  new  products in each region and an integrated global personnel system  
The authors argue for an organisation structure that is neither extrem ely centralised, nor 
extrem ely decentralised As such, the organisation structure lies betw een the global and 
the m ultinational structure
The organisation structure has m any characteristics o f  that o f  the transnational 
organisation, B artlett and G hoshal’s fourth organisational form  The transnational is 
described as "an integrated netw ork organisation w ith som e resources centralised in the 
hom e country, others distributed am ong national operations and all integrated through 
strong interdependencies" (Bartlett and G hoshal, 1989) The post-national com pany has 
less in com m on w ith the less centralised, less hierarchical, 'heterarchical M N E', as 
described by H edlund and Rolander (1990) This involves loosely coupled political 
system s rather than tightly  bonded, hom ogeneous, h ierarchically  controlled system s The 
heterarchical M N E m ay have m any centres w ith notions such as headquarters, hom e 
countiy  and corporate level disappearing
W ithin the new  organisation structures, subsidiaries have acquired a different role W hite 
and Poynter (1984) have characterised the subsidiaries o f  the M ass Production era as 
'rationalised m anufacturer' and 'm iniature replicas', a scaled dow n version o f  the parent, 
chiefly involved in assem bly w ork -  the archetypical branch plants The subsidiaries o f  
the post-national com pany are m ore akin to W hite and Poynter's 'product specialist' 
subsidiaries holding w orld or continental product m andates A subsidiary that possesses a 
continental product m andate is given continental responsibility  for a com plete range o f  
value activities, m anaging ('local-for-local') R& D, production and m arketing activities for 
a product continentally  In contrast, the subsidiaries o f  the heterarchical M N E probably 
have m ore characteristics o f  the 'centres o f  excellence' These subsidiaries have
î
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responsibility for one elem ent o f  the value chain  only, e g finance, m anufacturing, R&D 
or logistics (Y oung et a l , 1994)
The supply system
N H VP involves strong corporate vertical disaggregation A t the sam e tim e supply chains 
are characterised by high levels o f  vertical co-ordination Part supply is neither in-house, 
nor arm 's length (W om ack et a l , 1990), a situation that has been referred to as 'vertical 
near integration' (V eltz, 1991) or 'vertical quasi-integration ' (Lam m ing, 1993) N ear 
integration serves, inter a h a , two purposes it enhances efficiency and flexibility  in 
logistics and in product/process developm ent (S talk and Hout, 1990)
As regards logistics, the central principles o f  the JIT m anufacturing philosophy also 
apply to the way com panies m anage their supply chain In order to reduce 'total logistics 
costs' and ’total quality  costs' (see section 2 4 4), com panies w ork tow ards sm all and 
frequent orders, just-in -tim e supply and a shortening o f  the supply lead tim e, w ithout, 
however, transferring the burden o f  inventory to the suppliers This m eans that a JIT 
system  for delivery requires that the suppliers, in turn, have to adopt JIT m anufacturing 
practices (Sayer, 1986) Furtherm ore, as explained before, JIT  supply cannot deal w ith a 
highly irregular and unpredictable sequence o f  pulls from  the custom ers since this would 
lead to inefficient use o f  labour and m achinery upstream , at the suppliers
As for product developm ent, in the prototypical vertically integrated M ass Production 
corporation m ost product developm ent and strategic part supply  was kep t in-house 
Relations w ith suppliers tended to be arm 's length M ost suppliers were not involved in 
product developm ent but w ere provided w ith a blueprint for production  O ther suppliers 
produced catalogue goods (H ayter, 1997), again  involving lim ited suppher-custom er co ­
operation Suppher-assem bler relations w ere largely regulated  through the m arket and 
com petition am ongst suppliers was price-based The arm 's length rela tion  left the 
innovative resources o f  the suppliers largely underdeveloped and unused This supply
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m odel proved increasingly  unsuitable for a strategy o f  rapid and continuous product 
introduction
Instead, N H V P com panies aim  to m ore fully exploit the developm ent resources o f  the 
supply-base As the d iversity  and sophistication o f  com ponent technologies increase, 
assem blers increasingly rely on their suppliers for innovation and product and process 
developm ent N H V P involves a jo in t approach to product developm ent (Lam m ing,
1993) The developm ent system s o f  suppliers and custom ers are strongly integrated and 
suppliers are involved m  product developm ent from  an early stage This allow s for the 
developm ent activities m both com panies to take place in parallel or synchronous, rather 
than sequentially  (H am ilton, 1995, Lam m ing, 1993, Pine, 1993, Sayer, 1989)
These product flow  and product developm ent system s require supply chain m anagem ent 
(Christopher, 1992) and supplier co-ordination (R ich and Hines, 1997) N H V P involves a 
constant personal and instantaneous electronic com m unication o f  technical and 
com m ercial inform ation about stock data, current dem and for end-products, short-term  
dem and forecasts, future w ants and needs, com ing product developm ent projects and 
continual interaction on quality  and product developm ent A ssem blers and suppliers 
share logistics system s and inform ation technology These system s o f  com m unication 
take tim e and resources to develop Furtherm ore, in return for their greater com m itm ent 
o f  resources tow ards product developm ent, suppliers are looking for a greater share o f 
custom ers' business For both  reasons, N H V P com panies rationalise and stabilise their 
supply bases (Veltz, 1991) The traditional practice o f  m ultiple sourcing is replaced by 
the use o f  single suppliers and longer-term  supply relationships On a global scale 
corporations consolidate the purchases o f  inputs com m on to their different plants 
(Lam m ing, 1993, Phelps, 1993b, W om ack et a l , 1990) In one sense, the longer-term , 
collaborative supplier relations reduce flexibility, since relations cannot be broken 
according to short-term  m arket signals8 (Sayer, 1989) H ow ever, the stronger integration
8 On the other hand, textbook Japanese NHVP firms have been reported to practice 'parallel sourcing' In 
order to protect themselves against opportunism very similar pans for different models are provided by a 
range of suppliers Individual models might involve 'sole-source suppliers’, but assemblers are able to
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facilitates greater flexibility  and efficiency in production, inventory m anagem ent and 
product developm ent
Thus, the various functional levels in custom er and supplier firm s are strongly integrated 
In industrial organisational term s, the supply relations are typically  referred to as 
’netw orked' There are, how ever, netw orks and netw orks L anglois and R obertson (1995) 
distinguish tw o basic types o f  netw orks core netw orks and decentralised netw orks Core 
netw orks, or strategic netw orks (Sydow , 1992), are organised around a single lead firm, 
usually a large assem bler The satellite firm s supply interm ediate inputs to the core, 
w hich effectively co-ordinates the netw ork as a w hole The standards o f  com patib ility  o f  
the individual com ponents rof~the various suppliers are laid dow n by the lead assem bler 
and m ay differ from  assem bler to assem bler D ecentralised netw orks on the o ther hand, 
do not have a lead firm  C om patibility  o f  com ponents m anufactured by suppliers is 
ensured by standards that are determ ined jo in tly  by com ponent producers and assem blers 
through m arket processes or negotiation
N H V P approaches tend to involve core netw orks w ith a high degree o f  co-ordination by 
the assem bler B usiness concepts such as supply-chain-m anagem ent, supplier co­
ordination and supplier developm ent (R ich and Hines, 1997) all im ply a leading role for 
the assem bler in co-ordinating its supply-base "Every chain needs a leader" (S talk and 
Hout, 1990, p  234) One oft-cited m odel in the N H V P literature is that o f  the Japanese 
keiretsu , as exem plified  by the Toyota M otor C om pany  (Lam m ing, 1993, Pm e, 1993, 
Sayer, 1989, S talk and H out, 1990, W om ack et a l , 1990) The keiretsu  consist o f  lead 
firm s and their dependent supplier firms, organised into tiers A lthough vertically 
disintegrated, the supply chain is characterised by a degree o f  m utual shareholding, so 
ow nership disin tegration is not total The keiretsu  are largely hierarchical, 'closed' and 
tend to be dom inated by a single buyer (Sayer, 1989), although the structure o f  at least 
som e keiretsu is changing w ith  suppliers serving custom ers in com peting keiretsu  (Sabel,
1994) The tiered  structure m eans that the lead firm s are exem pted form  the burden  o f
switch orders among existing suppliers without great difficulty (Hirakubo and Kubhn, 1998, Langlois and 
Robertson, 1995)
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m anaging a m yriad o f  individual suppliers since the first tier suppliers are responsible for 
a large part o f  the m anagem ent o f  the second tier o f  suppliers C om pared to the system  o f 
M ass Production, in  the Japanese partnership m odel suppliers are m ore involved in the 
product developm ent efforts o f  the assem bler H ow ever, technology is led by the 
custom er -  "the roles o f  custom er and supplier rem ain senior and jun ior" (Lam m ing, 
1993, p 208) Furtherm ore, the assem bler does not delegate the design o f  parts 
considered vital to the success o f  the final product D esign and m anufacture o f  these parts 
is reserved for the in-house supply divisions (H udson, 1997c, W om ack et a l , 1990)
The Japanese partnersh ip  m odel as outlined above is not the only possible m odel for 
supplier relations nvN H V P  V arious scholars have suggested a new  best practice m odel 
called 'Lean Supply', based on Japanese Partnership but developed for global operations 
(Lam m ing, 1993, W om ack et a l , 1990) One o f  the m am  characteristics is that the supply 
chains are m ore 'open' and relatively less hierarchically  organised Suppliers are still 
organised in tiers but not in the sense o f  the integrated ow nership structure o f  the 
keiretsu  Rather, suppliers are organised in groupings or associations form ed by 
collaboration for specific supply purposes Individual first-tier suppliers have close links 
with one custom er, but at the sam e tim e have m ore distant, but still im portant, links w ith 
other custom ers Sim ilarly, unlike the Japanese Partnership m odel, the Lean Supply 
m odel allow s for the entry o f  new  suppliers, although, existing suppliers will first be 
given the chance to adapt The assem blers, com peting on a global scale w ill have to avail 
o f  the w ide choice o f  resources available in the global industry The senior-junior 
custom er-supplier relation has been replaced by a relation betw een equals and the 
technology is the product o f  the collaboration o f  the supplier and the assem bler as equals 
Part suppliers supply their ow n technology developed in close co-ordination w ith the 
assem bler A ssem blers even give up control over parts that in the partnership m odel 
w ould have been assum ed the natural preserve o f  the assem bler and the supplier m ay 
becom e the technology leader in its ow n specialist area (Lam m ing, 1993)
Follow ing Langlois and R obertson (1995) and (H ayter, 1997) it is possible to categorise 
the organisational arrangem ents outlined above according to their degree o f  ow nership
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integration and co-ordination integration This is illustrated in Figure 2 1 O ne extrem e, 
involving low  ow nership integration and low  co-ordination integration, is represented by 
the classical M arshallian  industrial district The neo-M arshalllan industrial districts in the 
Third Italy are characterised by a h igher degree o f  inter-firm  co-ordination integration 
The classical A m erican M ass Production corporation is characterised by a high degree o f  
ow nership integration w ith  m ost product developm ent and strategic part supply kept in- 
house Intra-firm  structures w ere designed to facilitate high levels o f  co-ordination 
How ever, to the extent that suppliers w ere used, the degree o f  co-ordination integration 
could be very low, as in the case o f  catalogue goods P rim a fa c ie  the Japanese 
partnership m odel has a m ore disintegrated ow nership structure, but the m utual 
“ shareholding arrangem ents m ean that there rem ains a relatively high degree o f  ow nership *
integration C o-ordination integration rem ains high, both inter-firm  and intra-firm  The 
Lean Supply m odel involves a low er degree o f  ow nership integration but co-ordination 
rem ains high
Thus, in a sense, the Lean Supply m odel m oves closer tow ards that o f  the flexibly 
specialised neo-M arshallian  industrial district H ow ever, im portant differences rem ain 
Firstly, the assem blers and m ost o f  the first-tier suppliers are large global corporations 
Internal econom ies o f  scale and scope, in product developm ent, production and 
m arketing rem ain  im portant Secondly, although the supply chain is not closed to new  
suppliers, the em phasis is on stable, bilateral and long-term  w orking relations w ith a 
relatively lim ited num ber o f  suppliers Finally, although the Lean Supply m odel diverges 
som ew hat from  that o f  the prototypical core netw ork as regards technology developm ent, 
the m odel does involve a lead firm  that co-ordinates the netw ork
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Figure 2 1 Degrees of organisational integration
Degree of 
ownership 
integration
Classical American Mass 
Production Corporation
Japanese
partnership
Lean supply
Marshallian
industrial
district
Third Italy
industrial
d/sfr/ct
 ►
Degree of co-ordination integration
Source adapted from Langlois and Robertson (1995) and Hayter (1997)
2 4 New High Volume Production and Regional Development
This section deals w ith the existing theoretical and em pirical insights regarding the 
im plications o f  N H V P approaches for the regional developm ent effects o f  M N E 
subsidiaries, in particular in non-core regions A lthough there is an overlap, it is possible 
to distinguish ’direct and 'indirect* regional developm ent effects o f  M N E subsidiaries 
(Y oung et a l , 1994) The direct effects m ainly concern changes in the em ploym ent 
structure/conditions, functional upgrading o f  operations and balance o f  paym ent effects 
The indirect effects m ainly concern the im pact on suppliers, custom ers, com petitors and 
firms that produce com plem entary goods In line w ith the them e o f  the d issertation, this 
section em phasises the indirect effects, notably the backw ard linkage effects H ow ever, 
som e attention is given to the direct effects, in particular to the issue o f functional 
upgrading, because o f  its im plications for possible indirect developm ent effects
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The following tw o sub-sections first provide an overview  o f  the d iverging theoretical 
ideas and em pirical evidence regarding the direct and indirect effects o f  N H V P The next 
three sub-sections look in m ore detail into the logic o f  the argum ents for the suggested 
indirect developm ent effects
Few  regional developm ent studies m ake a d istinction betw een N H V P and other form s o f  
flexible production For this reason, this section presents m aterial on sectors and 
com panies that are generally associated w ith N H V P, 1  e the autom obile, consum er 
electronics and com puter industries, and Japanese com panies (e g , L illrank, 1995, Sayer, 
1986) Furtherm ore, given the research context o f  the d issertation, the bulk  o f  em pirical 
m aterial presented concerns peripheral and sem i-peripheral regions in Europe
2 41  Consequences for Regional Development in Non-core Regions Direct Effects
The w idespread adoption o f  N H V P approaches m ight be expected to enhance the 
developm ent prospects o f  peripheral and sem i-peripheral regions because o f  the potential 
for functional upgrading o f  the subsidiaries o f  m ultinational enteiprises and because o f 
changes in the labour process and industrial relations practices, w hat H udson (1994, 
1997b) calls new  capital-labour relations This section largely focuses on the issue o f  
functional upgrading that, as will becom e apparent later, has im portant im plications for 
the indirect developm ent effects 9
A s regards changes in the labour process and industrial relations practices, K enny and 
Florida (1992, 1988), portray a positive p ictu ie o f  better quality , em pow ering and 
enriching jobs for w orkers producing high quality  products Increased functional 
flexibility, technology intensity, in com bination w ith  such principles as kaizen and 
leam ing-by-doing (Pine, 1993, Sayer, 1986), require relatively  know ledgeable, m ulti-
9 Capital-labour relations might indirectly impact on the linkage effects as well In relation to this, Sayer 
(1986, 1989) and Hudson (1997b 1997c) link the perccived efforts of NHVP companies to homogenise
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skilled w orkers W orkers will perform  a w ider range o f  tasks involving a fu ller use o f  
both intellectual and physical capabilities (K enney and Florida, 1992) Com panies will 
need to invest heavily in w orker skills and training The relative size o f  the indirect 
labour force in m anufacturing, or the ’internal tertiary sector’ w ill grow  This industrial 
tertiary sector is a  high skill and high productivity  sector in w hich nearly  one em ployee in 
two is an executive (V eltz, 1991) Fordist coercion and hierarchical control o f  the labour 
process is replaced by flattened organisation structures, team w ork, responsible autonom y, 
consultation and co-operation (Sayer, 1986) Proponents o f  such a positive scenario 
believe that the training efforts and the changing occupational profile will lead to a 
transfer o f  know ledge, skills and w orking practices into the labour m arket o f  peripheral 
regions ^
On the other hand critics stress the continuities w ith  Fordism  and contend that the im pact 
on regional developm ent will be largely negative (H arrison, 1994, H udson, 1994, 
Hudson, 1997c, Tom aney, 1994) Functional flexibility  and m ulti-tasking are not 
believed to involve m ulti-skilling (H udson, 1997b) The increased training intensity is 
believed to focus m ainly  on behavioural and social skills and less on technical skills 
According to H udson (1997b) the jo b s  w ithin N H V P com panies are actually w orse than 
the jobs in the classical M ass Production plants The jobs have becom e m ore intense and 
increasingly stressful Em ploym ent security will be enjoyed by only a sm all m inority o f  
core workers A large group o f  peripheral w orkers, the contingent w orkforce, w ill have to 
accept involuntary part-tim e and low -w age w ork -  'the dark side o f  flexible production’ 
(H arrison, 1994)
As regards the issue o f  functional upgrading, the system  o f  m ultiregional production 
(W om ack et a l , 1990) involves the creation o f  ’top-to-bottom ’, ’paper-concept-to- 
fim shed-product’, m anufacturing system s in each o f  the m ain  m arkets o f  the w orld, N orth 
Am erica, Europe and East A sia A part from  final assem bly, textbook N H V P -subsid ianes 
will incorporate m anufacturing, local-for-local R& D , technology support, sales, after-
workforces with an increasing social and spatial division o f labour This will have implications for local 
linkage effects
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sales, d istribution and adm inistrative functions This suggests a serious functional 
upgrading o f  subsidiary roles com pared to the ’rationalised  m anufacturer' and the 
'm iniature replica' o f  the M ass Production system
H ow ever, critics stress the poin t that N H V P organisations need to  reta in  a certain  level o f  
co-ordination and centralisation Strategic decision-m aking regarding investm ents, 
production processes and product m ix, is believed to rem ain  strongly centralised in the 
hom e countries o f  M N Es (H udson, 1994) The need for centralisation is believed to have 
a particularly  strong bearing on the R& D  function (H udson, 1994, Y oung et a l , 1994)
Furtherm ore, a strategy o f  'm ulti-regional production ' and the creation o f  'paper concept 
to finished product’ m anufacturing system s, does not necessarily  involve M N Es co­
locating all functions in the sam e peripheral region, as is often im plicitly  assum ed As 
D icken et a l (1994) point out, to the M N E, 'local' m ay w ell m ean 'national' or 'regional' 
in the broader supranational sense and the dispersal o f  h igh level functions m ight rem ain 
highly selective geographically  The greater 'local' in tegration o f  functions in each o f  the 
triad regions, m ight well take p lace on a continental 'basis' (D icken et a l , 1994, Hudson, 
1995), w ith new  high volum e assem bly operations located in the continental periphery 
and related R& D  and headquarter functions located in the core -  "a spatial d iv ision o f  
labour w ithin a large scale agglom eration" (D icken, 1997, p 84)
Em pirical evidence provides support for both  sides Thus, in the context o f  W ales, case 
studies suggest increased autonom y and technological capacity  am ongst subsidiaries o f  
Japanese com panies (Price, Cooke, and M organ, 1994, quoted m  Phelps, 1997) A gain in 
the context o f  W ales, a survey o f  25 subsidiaries o f  Japanese firm s, m ainly involved in 
the production o f  consum er electronics, show s that m ore than h a lf  o f  the plants are 
participating in R& D  and nearly h a lf  o f  the plants have production processes which 
extend far beyond the assem bly stage, into genuine m anufacturing (M om s, M unday, and 
W ilkinson, 1993, M unday, M orris, and W ilkinson, 1995) M ilne (1990) surveyed 16 
m ainly Japanese or K orean consum er electronics plants located in the U K  and found that 
all have som e in-house design capability  and, again, a num ber o f  plants w ere involved in
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com ponent production as well as assem bly M any o f  these plants w ere located in 
peripheral regions A  m ore general study o f  h igh-profile foreign investm ent projects in 
various EU regions (A m in et a l , 1994, A m in and Tom aney, 1995) show s that 'flagship' 
plants in sem i-peripheral regions such as Ireland and Scotland w ere m aking gains in both 
the range o f  functions, including R& D, and in levels o f  m anagem ent autonom y 
Significantly, the m ajority  o f  plants had been aw arded continental or w orld product 
m andates
How ever, the level o f  functional upgrading and autonom y rem ains lim ited Thus, M ilne 
(1990) m entions that few  o f  the 16 interview ed consum er electronics firm s play a m ajor 
role in the developm ent o f  product technologies M ost operations at best incorporate a 
small engineering departm ent that can deal w ith 'm inor cosm etic changes' to the final 
product (M ilne, 1990) Only one com pany had full in-house developm ent capability  
Sim ilarly, the survey o f  25 subsidiaries o f  Japanese com panies located in W ales found 
that operations had a strong operational nature w ith only few  instances o f  'pure research' 
activities Furtherm ore, in relation to head-office functions and autonom y levels, in the 
great m ajority o f  cases the reporting linkages w ere centred on Japan as opposed to a UK 
or European head office (M orris et a l , 1993, M unday et a l , 1995) Again, in relation to 
W ales, Phelps (1997) m entions that Japanese firm s continue to be truncated in som e 
respects Sim ilar findings w ere reported in relation to w estern car m anufacturing plants in 
Eastern G erm any (G rabher, 1994) Even in the case o f  'flagship ' investm ent projects, 
A m in et al (1994) report lim ited upgrading m  less favoured regions These projects had a 
constrained range o f  m anagem ent functions and m ost plants lacked m arketing and sales 
departm ents Investm ents in the electronics sector, a sector often associated w ith  N H V P 
approaches, w ere characterised by a lim ited range o f  corporate functions, constrained 
m anagem ent autonom y and low  levels o f  R& D
There is som e evidence for a continental spatial division o f  labour Thus, the Japanese car 
industry in Europe, although integrated on a  European scale, show s a clear spatial 
division o f  labour along functional lines V ehicle assem bly and com ponent plants have 
generally been located in peripheral regions w hile regional headquarter, design  and
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m arketing functions have been attracted to the core industrial heartland (B ordenave and 
Lung, 1996) L ikew ise, Pike (1998) show s that car plants in a U K  industrial restructuring 
region retain  a 'follow er' role com pared to ’lead* sites located in a core E uropean region 
The ’follower* plants in the U K  restructuring region rem ain  reliant on centralised 
corporate functions for production engineering, purchasing, and product and process 
R&D Som e upgrading has taken place w ith  the engineering liaison functions’ 
involvem ent in debugging, increm ental p roduct and process change and input into new 
m odel design to secure 'm anufacturability ' H ow ever, these activities are clearly  focussed 
tow ards and in support o f  a centralised R& D  function located at the 'lead' sites Phelps 
(1997) and M orris et al (1993) find that Japanese firm s w ith  plants in W ales are locating 
centres for advanced research and other h igher value-added investm ents m  core European 
regions
2 4 2 Consequences for Regional Development in Non-Core Regions Indirect Effects
It has been proposed that the adoption o f  N H V P approaches will have positive 
im plications for regional developm ent o f  non-core regions because o f  greater indirect 
effects, particularly  production linkage effects The idea is that new  supply chain 
m anagem ent practices w ill increase the proportion o f  m aterial inputs sourced from  the 
’regional' econom y (Estall, 1985, K enney and Florida, 1992, M air et a l , 1988) and thus 
increase the m ultip lier effect This, in turn, m ight engender a process o f  further clustering 
leading to "clusters o f  N H V P" (H udson, 1997c) Furtherm ore, it has been suggested that 
the quality o f  the new  supply chain relations w ill have positive dynam ic effects on 
regional industrial capability  and com petitiveness, particularly  in the context o f  
peripheral and sem i-peripheral regions (M unday et a l , 1995) C om pared to the traditional 
Fordist system , suppliers are accorded increased technical roles and supply-relationships 
are long-term  and co-operative rather than adversarial The closer contact betw een 
custom er and supplier will increase the dem onstration effect o f  the core com panies, 
leading to a general upgrading o f  the local supplier base, increased technological spin­
offs and new  firm  form ation This section focuses on the first idea, that new  supply chain
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practices w ill lead to an increase in the proportion o f  inputs sourced from  the local or 
regional econom y
A s discussed m  section 2 2 4, the idea that N H V P approaches will lead to an increase in 
local production linkages is generally based on a relatively straightforw ard buyer-suppher 
spatial proxim ity  argum ent The argum ent generally involves tw o buyer-suppher 
proxim ity drivers efficient product flow  or logistical efficiency and efficient form al 
technical inform ation exchange in the context o f  increased inter-firm  functional 
integration (M artinelh  and Schoenberger, 1991, Scham p, 1991, Estall, 1985, H udson, 
1997c, K enney and Florida, 1992, Lubben, 1988, M air et a l , 1988, Reid, 1995, 
Schoenberger,—1997)* The argum ent generally  does not involve socio-cultural and 
institutional issues although these m ight well play a role (Cooke and M organ, 1998)
Existing em pirical evidence regarding the extent o f  local linkages form ation in sectors 
and com panies that are generally associated w ith  N H V P appear contradictory The 
positive expectations have been supported by a lim ited num ber o f  case-studies and 
surveys In the context o f  the US, Estall (1985), Sayer (1986), M air, F lorida and K enney 
(Kenney and Florida, 1992, M air et a l , 1988) and Reid (1995) all report on high levels o f  
local sourcing by Japanese transplants and selected, JIT -adopting, electronics and 
com puter hardw are plants On the o ther hand, G lasm eier and M cCluskey (1987), 
studying the spatial configuration o f  the U S auto parts industry, identify a continuous 
trend o f  relocation  to peripheral regions by producers o f  standardized parts
In the context o f  peripheral regions in Europe, several authors report encouraging local 
linkage levels am ong com panies generally associated with N H V P In the context o f  
W ales, although the first case-studies o f  Japanese M N Es found lim ited backw ard 
linkages (M orris, 1989), subsequent studies show ed that Japanese p lants in various 
industries were increasing their linkages w ith the local econom y, a process that, 
according to the proponents, was already instigating som e clustering tendencies (Cooke, 
1995, M o m s, 1992b, M orris et a l , 1993, M unday et a l , 1995) O ne oft-cited case was 
Sony in W ales, aim ing for an 80 per cent local content level (M organ, 1991, M orns,
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1992a) Phelps (1997) found that Japanese subsidiaries sourced on average 18 per cent 
(by value) o f  their m aterial inputs from  W ales, 4 and 5 4 percentage points m ore than EU 
and US subsidiaries respectively In the context o f  the N orth-E ast o f  England, lim ited 
increases in local backw ard linkages have been reported am ong proactive subsidiaries in 
the autom otive sector (Jones and North, 1991, M om s, 1992b, Phelps, 1993b, Sadler, 
1997) and electrical engineering sector (Phelps, 1993b) In the context o f  the N orthern  
R egion o f  England, longer established com panies in the car and car parts sector 
significantly  increased the levels o f  local sourcing (Phelps, 1993a) Finally, in the context 
o f  Scotland, M cC ann (1998, 1996) found a positive relation betw een levels o f  local 
sourcing and JIT  strategy in the M N E-dom inated electronics industry The local input 
expenditure levels in the Scottish electronics industry had increased from  15 per cent in 
1997 to 19 per cent in 1990
These positive reports should be interpreted w ith care The levels o f  local sourcing 
rem ain lim ited and other studies have been less conclusive Thus, in the context o f  W ales, 
although Japanese M N Es are characterised by higher local content levels than M N Es 
from  Europe or the USA, local sourcing by Japanese com panies rem ains at low  levels 
(M orris et a l , 1993, M unday et a l , 1995) Sim ilarly, proactive subsidiaries in the N orth- 
East o f  England had only slightly increased their local linkages (Phelps, 1993 b) In the 
N orthern R egion o f  England as a whole, Phelps found that local sourcing by longer 
established plants in the electrical and electronic engineering sector had actually 
decreased (Phelps, 1993a) Pike (1998) reports a very lim ited  supply base around two 
autom otive plants in the U K  Turok (1993, 1997) show s that the local sourcing levels o f  
the Scottish electronics industry rem ain low at 12 per cent, w hile the subsidiaries o f  
M N Es in the electronics industry, including subsidiaries o f  Japanese com panies, have 
even low er levels o f  local sourcing Clarke and Beaney (1993), in yet another study o f  the 
Scottish electronics industry, found som e strengthening o f  the supplier base, how ever the 
local content levels rem ained unchanged Finally, in the context o f  East G erm any, m ost 
studies report som e co-location around car plants H ow ever, the num ber o f  suppliers that 
are co-located rem ains lim ited and is an insignificant part o f  the total supplier base 
(B ordenave and Lung, 1996, H udson, 1997a, Scham p, 1991) Furtherm ore, the m ajority
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o f  studies found that local linkages generally  involve item s w ith  a low  technology content 
(Clarke and B eany, 1993, M o m s et a l , 1993, M unday et a l , 1995, Phelps, 1993a, 
Phelps, 1993b, Pike, 1998, Turok, 1993, Turok, 1997), raising questions regarding the 
contribution o f  the linkage form ation to dynam ic regional developm ent
Part o f  the divergence in the conclusions regarding the extent o f  local linkage form ation 
can be accounted for by a  num ber o f  definitional and m ethodological issues F irst there is 
the issue o f  geographical scale The conclusions regarding linkage effects obviously 
depend on how  one defines 'local' In  the studies cited above, local is generally 
interpreted as the d irect locality or region, including entities such as W ales or Scotland in 
the U K  context In the context o f  the US, the positive accounts em ploy relatively large 
geographical dem arcations Thus M air et al (1988) report a  concentration o f  Japanese 
assem bly transplants in the 'T ransplant Corridor', a region stretching over 800 m iles, from  
southern O ntario south to Tennessee The conclusion o f  JIT -related  supplier co-location 
is based on the finding that individual assem blers have about a  dozen o f  their suppliers 
located w ithin a 100 m ile radius, although m any suppliers are actually  located further 
from  their custom er As M o m s (1992b) points out, the focus o f  the H onda agglom eration 
in Ohio is 200 by 200 m iles Such an area w ould include a large part o f  G reat B ritain (for 
a  sim ilar argum ent see Jones and N orth, 1991)
Interestingly, m any o f  the above m entioned UK  based studies, reporting low  levels o f  
local or regional linkages, found relatively high U K -content levels (Jones and North, 
1991, Phelps, 1993a, Turok, 1997) On an even m ore extensive scale, a num ber o f  studies 
report on the high EC -content o f  subsidiaries o f  Japanese M N E s (Jones and N orth, 1991, 
M unday et a l , 1995) 10 It is w ith  this in m ind that M o m s asks "w hat scale is an 
agglom eration7" (M orris, 1992b, p 76) In principle, spatial agglom eration is a concept 
that can be applied at different geographical scales, including at the scale o f  the global 
triad (D icken, 1997)
10 Similarly, in the context of the USA, the backward linkage effects of Japanese subsidiaries are very low 
at the local level but very high at the State level (Mair, 1993, Mair et a l , 1988)
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A nother issue that m ight account for part o f  the divergence m  findings is related to 
research m ethodology M ost studies m entioned above do not research the link betw een 
the proxim ity drivers and the spatial configuration o f  supply linkages in a d irect m anner 
and several com m entators po in t to the problem  o f  causality, inferred in these studies 
(Ettlinger, 1992, H am ilton, 1995, H udson, 1994) Several o ther factors m ight instigate 
suppher-assem bler co-location For exam ple, in relation to the European autom obile 
industry, B ordenhave and Lung (1996) point out that differential em ploym ent 
relationships, w age costs and public  assistance m ight lead to the relocation o f  both 
assem bly and com ponent com panies from  core to peripheral regions O thers have pointed 
to the EC local-content regulations as factors underlying the investm ents by Japanese 
com ponent suppliers in Europe (H epw orth, 1989, Jones and N orth, 1991, M orris, 4989) 
A n even greater error occurs w hen a spatial cluster o f  assem blers and suppliers is 
attributed to one o f  the buyer-suppher proxim ity drivers, w hile in reality the com panies 
have no, or very few  links to each other (M air, 1993)
How ever, putting aside the above definitional and m ethodological issues, the explanation 
for the divergence in the findings regarding local linkage form ation will for a large part 
he in the fact that the various drivers for proxim ity  do not necessarily  lead to buyer- 
supplier proxim ity and that the spatial outcom e is highly dependent on a range o f  
com ponent and industry characteristics and contextual conditions In general, the 
theoretical argum ents concerning the spatial im plications o f  new  supply strategies suffer 
from a lack o f  conceptualisation (M air, 1992) The next two sections exam ine the logic 
related to the tw o buyer-suppher proxim ity drivers m ost often pu t forw ard in relation to 
N H V P industries efficient form al technical inform ation exchange and logistical 
efficiency
2 4 3 Supplier Proximity for Efficient Formal Technical Information Exchange
As outlined in section 2 3 2, partnership-based N H V P m odels are characterised by strong 
custom er-supplier integration, involving a great deal o f  dyadic inform ation exchange
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This is one aspect o f  the grow ing inform ation intensity o f  m anufacturing that can be 
postulated to have im plications for the spatial configuration o f  m anufacturing industry 
(Hepworth, 1989) In spite o f  space-shrinking IT  developm ents, som e types o f  
inform ation exchange still require large am ounts o f  face-to-face contact The argum ent 
for spatial p roxim ity  is based on  the idea that, a lthough face-to-face com m unication does 
not necessarily  require proxim ity, proxim ity does enhance speed and efficiency in 
com m unication by reducing the travel tim e
The argum ent does not involve all inform ation exchange Based on the nature o f  the 
inform ation content, one can distinguish three types o f  inform ation m  a supply relation 
com m ercial, adm inistrative and technical (G adde and H akansson, 1993) A s  regards the 
com m ercial and adm inistrative content, the partnership m odel involves a constant form al 
com m unication o f  prices, discounts, tim es, volum es, m eans o f  delivery and paym ent, 
stock data, current and forecast dem and A lthough, this exchange involves a  strong 
integration o f  the partners' purchasing, sales, m aterials m anagem ent, logistics and 
accounts functions (H epw orth, 1989), it is not regarded as a driver for custom er-supplier 
proxim ity in the N H V P literature
The literature on the spatial im plications o f  partnership-based supply relations focuses, 
nearly exclusively, on the com m unication o f  technical inform ation (for exam ple, 
Bordenave and Lung, 1996, G lasm eier and M cCluskey, 1987, Lubben, 1988, M cK innon, 
1997, Pike, 1998, R eid, 1995, W om ack et a l ,  1990) The idea is that the custom ers' 
increasing reliance on their suppliers for innovation requires a strong integration o f  
engineering and production functions o f  both partners and an increase in the formal 
exchange o f  technical inform ation -  both in the early stages o f  product and process 
developm ent, involving co-developm ent and sim ultaneous engineering, and the later 
stages, involving ongoing technical co-ordination Because o f  the fact that such 
inform ation is often am biguous and subject to refinem ent, a large part o f  the exchange is 
believed to require face-to-face in teraction betw een engineers (Reid, 1995, Schoenberger, 
1997)
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Some com m entators argue that innovations in com m unication technology have reduced 
the need for face-to-face contact, even m  the context o f  detailed  technical design issues 
(Gertler, 1988, H epw orth, 1989, M cK innon, 1997) A rita and M cC ann's (2000) study o f  
US sem iconductor industry suggests that the need for proxim ity  depends on the intensity 
o f  the form al inform ation exchange, intensity defined as the detail and sensitivity  o f  the 
inform ation involved For their study they devised a classification o f  the technological 
content o f  the partnership, based on the intensity o f  inform ation exchange involved At 
one end, 'jo int R & D  and jo in t-developm ent o f  new  technology ' was expected to prom ote 
the m ost intensive interactions o f  know ledge exchange, requiring high levels o f  face-to- 
face contact betw een partners At the o ther end, the category 'm anufacturing ' (described 
as subcontracting o f  m ass produced activities such as orig inal'equ ipm ent m anufacturing, 
second sourcing, and fabrication agreem ents) w as believed to involve far less intensive 
interaction regarding technical inform ation, and therefore to require low  levels o f  face-to- 
face contact
Their findings show  that form al technical inform ation exchange is a driver for the 
reduction in the linkage distance in case o f  higher-order alliances only How ever, even in 
these alliances, the critical spatial extent over w hich the inform ation-localisation effect is 
found to operate is w ithin one day’s return jou rney  by air -  m uch less localised than 
generally assum ed Form al exchange o f  technical inform ation did not drive co-location o f  
partners involved in low er-order alliances, not even at the scale o f  the USA in total 
Furtherm ore, it is im portant to m ention that the findings pertain  to sm all US 
sem iconductor firm s only Inform ation exchange is probably an even less spatially 
restrictive issue for larger firm s, particularly  for M N Es (M cK innon, 1997) In relation to 
this M cCann and F ingleton found that firm s in the Scottish electronics industry, m ade-up 
m ainly o f  subsidiaries o f  large M N Es, "were already used to co-ordinating long-teim  
suppher-custom er relationships w hich continuously  involved the exchange o f  detailed 
and com plex inform ation on a global basis" (1996, p  500)
For alliances involving less intensive technical inform ation exchange ’organisational 
proxim ity ' m igh t suffice This m ight involve providing custom ers with the experience o f
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a local engineering and m anufacturing experience, w ithout actually  co-locating facilities 
(M cK innon, 1997) This m ight take the form  o f  local agents or sm all local support units 
For exam ple, in m ore recent supply  m odels, such as JIT II, suppliers station a  resident 
planner-engineer, or 'in-plant*, at custom ers' facilities (Pragm an, 1996)
A nother issues relates to the level o f  standardisation o f  the m aterial inputs involved The 
intensity o f  technical inform ation exchange varies from  one m aterial input to another 
H ighly standardised com ponents, involving m inim al design changes m ight require less 
face-to-face contact than highly custom ised com ponents, undergoing frequent design or 
specification m odifications A ccording to som e com m entators, suppher-proxim ity  m ight 
therefore be less im portant in the case o f  highly standardised m aterial inputs (B ordenave 
and Lung, 1996, G lasm eier and M cC luskey, 1987, H irakubo and K ubhn, 1998, Reid, 
1995)
O bviously the form al inform ation exchange/ spatial proxim ity  argum ent is only relevant 
to overseas operations o f  N H V P com panies, w hen these operations are actually  involved 
in technical inform ation exchange w ith suppliers As discussed, the textbook post­
national com pany and the system  o f  m ultiregional production involves the establishm ent 
o f  integrated operations in the three m ain  m arkets o f  the w orld, incorporating local-for- 
local R& D functions As in the hom e country, product developm ent and assem bly in 
overseas operations will be supported by the local engineering departm ents o f  the 
suppliers Thus, supported by the findings o f  W om ack (1990), efficiency m  the exchange 
o f  technical inform ation is believed to be a driver for assem bler-suppher proxim ity  in the 
context o f  overseas operations as well
How ever, as m entioned in section 2 4 1, a num ber o f  com m entators po in t out that the 
corporate organisation structure associated w ith textbook N H V P, i e a system  o f  
m ultiregional production characterised by a 'top-to-bottom ', 'paper-concept-to-fim shed- 
product', m anufacturing system s in each o f  the three m am  m arkets o f  the w orld is seldom  
fully bom  out The requirem ent o f  N H V P organisations to retain a certain level o f  co ­
ordination and centralisation is believed to pertain  in particular to the R& D  function,
62
which rem ains strongly centralised in the M N Es' hom e country A lternatively , because o f  
the specific labour requirem ents involved, R& D  functions are located m  core European 
regions M ost operations located in non-core regions at best incorporate a small 
engineering departm ent m ainly involved in day-to-day production and quality  control 
m anagem ent Such situations w ould render technical inform ation exchange irrelevant as a 
driver for a reduction in the linkage distance in the context o f  overseas operations located 
in non-core regions
2 4 4 Supplier Proximity for Logistical Efficiency
-k. „■'$*'
As m entioned in section 2 3 2, one o f  the central com ponents o f  all N H V P approaches is 
JIT supply JIT supply is often presented as the optim al logistics system , characterised  by 
the elim ination o f  buffer inventories, a kan-ban  delivery system  that delivers inputs on a 
daily basis directly to the production line and near synchronous production This system  
is believed to lead to close buyer-supplier proxim ity  (Estall, 1985, Kenney and Florida, 
1992, M air, 1992, M air et a l ,  1988, Sayer, 1986, Schoenberger, 1997) -  suggested 
m axim um  w orkable distances range from  30 m iles to 200 m iles, depending on the quality 
o f the regional physical infrastructure -  and norm ally receives titles such as 'true JIT ' 
(M orris, 1989, M om s, 1992b), Tull JIT' (M air, 1992), or 'pure JIT ' (Faw cett and Birou,
1992)
How ever, true JIT supply should really be interpreted as one extrem e outcom e in a 
spectrum  o f  possible optim al outcom es based on m odem  com prehensive logistics 
m anagem ent principles, w hich take account o f  the in terrelationships betw een inventory 
costs, transportation costs, shipm ent frequencies, the opportunity  costs o f  quality 
associated w ith inventory and variation in labour costs betw een regions A  num ber o f  
com ponent characteristics and contextual conditions can lead to supply system s involving 
less frequent delivery patterns, greater shipm ent sizes, h igher buffer levels and greater 
buyer-supplier d istance The explanation requires a closer look at the logic behind JIT  
supply
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Until the m id-1960s, the typical m anufacturing com pany m anaged all inventories w ith 
'order-point' system s based on the principle o f  replenishm ent The individual order 
quantities, or lot sizes, were typically  based on a traditional econom ic order quantity 
(EOQ) form ulation (C hristopher, 1992, M cCann, 1998, M cC ann and Fm gleton, 1996, 
Schroeder, 1993) The EO Q  m odel is based on the idea that it is possib le to calculate 
'optim um ' order quantities/ shipm ent frequencies, involving m inim al 'total logistics costs' 
(TLCs) These TLC s are the sum  o f  the ordering/set-up costs, the costs o f  holding 
inventories and the costs o f  transporting goods The ordering/set-up costs include the 
adm inistration costs involved in organising an individual purchase, plus the labour costs 
involved in m achinery set-up The EO Q is derived by balancing these cost com ponents 11 
This replenishm ent system  tends to involve relatively high levels o f  buffer inventory and 
safety stock and one o f  the m am  problem s is that it often leads to h igh  levels o f  excess 
inventory, particularly  in cases o f  'lum py' dem and patterns
In contrast, JIT  is a requirem ents-dnven  system  O rders are based on requirem ent 
forecasts that are regularly  updated In contrast to a rep len ishm ent system , no orders are 
placed in periods o f  slack dem and The m am  objective is to m inim ise com ponent 
inventory levels The m odern com prehensive logistics m anagem ent principles that 
underlie JIT, incorporate new  insights regarding the cost o f  holding inventories 
According to M cC ann (1998), com pared to the traditional m odels, tw o extra cost factors 
are considered space costs and total quality costs (TQ Cs)
The m odern com prehensive logistics m anagem ent principles involve a m ore inclusive 
interpretation o f  w hat constitutes TLCs, notably the recognition that, next to interest
order quantity, M is the quantity of input per time period, S  is the ordering/set-up costs of conducting each 
individual shipment, I is the rate of interest and c  is the source price per unit of input (McCann, 1998) 
With his broader logistics costs model McCann (1996, 1998) shows how total input logistics costs are 
generally a positive function of transport costs and, thus, of distance Correspondingly, the EOQ is 
dependent on transport costs and distance Integration of this idea, and assuming shipment economies of
ii The traditional formulation of the EOQ is expressed as
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costs, space costs represent a significant part o f  the inventory holding costs, one o f  the 
com ponents o f  TLC s The space costs o f  inventory are the space and space handling costs 
o f  storage and w arehouse space, com prising the land costs and the labour costs involved 
in inventory handling operations These cost com ponents have not been included in 
traditional W estern purchasing techniques, w hich, as a consequence, underestim ate the 
real costs o f  holding inventories
A nother aspect o f  the com prehensive logistics m anagem ent principles that underlie JIT 
concerns the recognition o f  the im portance o f  quahty-com petition  and, therefore, the 
significance o f  the quality costs The quality costs are the com bined costs o f  lost m arket 
share due to poor quality  and reliability  o f  the final p roduct and the costs o f  final quality 
control adm inistration, w hich are the costs o f  the expediting o f  m aterials, the costs o f  lost 
orders, back-orders, scrap and rejects The greater the average volum e o f  inventory held, 
the greater is the risk  that faults m individual com ponents w ill go undetected during the 
production process -  the greater the quality costs
Thus, the traditional logistics m odels underestim ate the real costs o f  holding inventories 
and, com pared to these traditional m odels, the com prehensive logistics m anagem ent 
principles hold  a greater incentive to m inim ise the average volum e o f  inventories This 
volum e o f  inventories can be reduced by reducing the shipm ent size and increasing the 
shipm ent frequency In m odern quality-com petitive m arkets the significance o f  TQ Cs 
and space costs m ay be so great that the EO Q tends tow ards zero, 1  e lot sizes o f one 12 
H ow evei, i f  sh ipm ent sizes go dow n, and shipm ent frequencies go up, the transport cost 
and ordering/set-up cost com ponents o f  the TLC s will rise There are tw o w ays this can 
be prevented First, firm s can w ork  tow ards a reduction o f  the ordering/set-up costs o f
costs per mile and d  is delivery distance
12 Taking account of the space costs and TQC, the new formulation of the EOQ becomes
scale, leads to the following formulation for the EOQ
2 m (S  + a d t ) 
Tc
, where a  is movement
TQC Thus the higher the value of s and q the closer the EOQ will be to zero (McCann, 1998)
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conducting each individual shipm ent, for exam ple by stream lin ing  the order entry system  
Secondly, and m ore im portantly  for the present discussion, firm s can attem pt to reduce 
the input delivery distance This is the basic logic behind the JIT -proxim ity  argum ent13 
(for a sim ilar argum ent, see M air, 1992)
The idea that there are forces that drive custom er-suppher proxim ity  is obviously  not 
new  Even the traditional logistics m odels and the traditional w ay o f  calculating the EOQ 
could lead to a situation w here the transport costs and the in terest costs o f  holding 
inventories w ould  drive custom er-suppher co-location In fact, one could consider buyer- 
supplier co-location as the 'norm al' situation It is only because o f  issues such as 
differences in labour costs betw een locations and the existence o f  econom ies o f  scale in « - * <
com ponent production, and a w hole range o f  reasons related  to history, the technological 
capabilities o f  a reg ion  and locational m ertia, that custom ers use suppliers located in 
other regions The difference w ith the com prehensive logistics m anagem ent principles 
that underlie JIT  is that the forces tending tow ards buyer-supplier proxim ity are stronger 
due to the appreciation o f  the ro le o f  space costs and TQ C s
How ever, this does not m ean that adoption o f  the com prehensive logistics m anagem ent 
principles will necessarily  involve very high shipm ent frequencies, very sm all buffer 
inventory levels and buyer-supplier co-location Paraphrasing C hristopher (1992), 
com panies still have to m ake a range o f  'trade-offs' in w orking tow ards the im provem ent 
o f  total supply chain cost effectiveness -  the ultim ate goal o f  any logistics system  This is 
well captured by the fo llow ing quote o f  the d irector o f  purchasing and logistics at Bose's 
speaker plant m  the U SA  "W hile B ose is com m itted  to the principles o f  JIT  inventories,
[Bose] w ants to  m ake sure individual decisions m ake financial good sense W e are 
looking for the best cost That m eans constantly balancing factors such as the value o f  
the goods, how  quickly  they are needed, and shipping costs" (Bradley, 1989) The
13 The actual argument, as laid out by McCann (1998, 1996) is slightly more complex, taking account of the 
fact that m many firms quality costs are primarily opportunity costs of lost sales that do not show up in any 
accounts McCann’s more complex argument shows that the proximity argument holds even within the 
visible and measurable cost constraints set by traditional accounting conventions
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specifics o f  the logistical arrangem ents and the effects on linkage distance are highly 
dependent on a range o f  com ponent characteristics and contextual conditions
One very im portant factor concerns the regional labour cost differences, as reflected in 
the price o f  com ponents The optim isation principle m eans that firm s will balance the 
logistical efficiencies gained by proxim ate location w ith the savings due to the low er 
input price M ore distant suppliers m ay be able to com pete w ith low er prices because o f  
cheaper labour costs I f  these production cost advantages are greater than the efficiencies 
gained by co-location, then a firm  m ight operate JIT supply over larger distances 
(M cCann, 1998) or operate logistics system s that diverge substantially  from  the 
prototypical true JIT  system  *
A nother issue concerns the m inim um  efficient scale o f  com ponent production The 
com prehensive logistics m anagem ent principles w ill only lead to buyer-supplier co ­
location if  the dem and o f  individual custom ers is sufficient to allow  for production at 
m inim um  efficient scale Scale issues often m ean that com ponent m anufacturers need to 
supply several custom ers w hich can m ean that suppliers are located at considerable 
distances from  som e o f  their custom ers (B ordenave and Lung, 1996, Jones and North, 
1991, M cK innon, 1997, M ilne, 1990, M o m s, 1992b, Scham p, 1991)
A nother oft-cited issue relates to the value and the bulk or w eight o f  individual 
com ponents H ow ever, the issue is not, as suggested by m ore traditional location m odels, 
that proxim ity is o f  less im portance for inputs w ith  a high value-to-w eight ratio because 
high value com ponents are sim ply able to bear h igher transportation costs (Lever, 1974, 
O T arrell and O 'L oghhn, 1980) As M cC ann (1998) points out, m com petitive industries 
transport costs can represent a significant com petitive cost com ponent irrespective o f  the 
value o f  the product
In fact, the com prehensive logistics m anagem ent principles that underlie JIT  hold that the 
incentive for increasing shipm ent frequency, decreasing order size and decreasing linkage 
distance w ill be greater for high value com ponents than for low  value com ponents
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(Christopher, 1992), ceteris p a r ib u s , since com ponents w ith a high value will incur m uch 
higher interest and insurance costs The principles also ho ld  that the incentives for 
increasing shipm ent frequency and decreasing linkage distance are greater for physically 
bulky and heavy com ponents than for sm all and light com ponents, ceteris paribus  
(Lubben, 1988, M cK innon, 1997), since physically bulky com ponents w ill incur higher 
space costs w hile the transport costs are h igher for both  physically  bulky and heavy 
com ponents Very cheap and physically  sm all inputs, such as bolts, w ill incur very 
lim ited interest costs and require lim ited w arehousing space In those instances, a 
decrease in the shipm ent frequency, increase in the order size and increase in the linkage 
distance will have a m ore lim ited  im pact on the inventory costs In other w ords the forces 
tending tow ards co-location are w eaker and relatively sm all w age differences and savings 
related to the econom ies o f  scale in the production o f  com ponents m ight m ore easily 
bring about an increase in the linkage distance
Yet another issue concerns the variety o f  options per com ponent category (Bordenave 
and Lung, 1996, Christopher, 1992) The incentives for increasing the shipm ent 
frequency and proxim ity  will be stronger for com ponent categories involving a high 
variety o f  options (e g different colours, styles or shapes) than for m ore standardised 
com ponent categories This is because the greater the variety o f  options w ithin a 
com ponent category, the higher the inventory holding costs involved in stockpiling a 
certain level o f  finished com ponents in all possible perm utations (Christopher, 1992, Van 
Hoek, 1998), particularly  in situations o f  highly unpredictable dem and Therefore, the 
greater the variety  o f  options, the greater the incentive to delay the final assem bly o f  
com ponent m aterials into finished com ponents The greater the delay in final assem bly, 
the greater the shipm ent frequency, the greater the driver for buyer-supplier proxim ity
A final issue concerns the sophistication o f  the com ponent technology relative to 
industrial technical capabilities o f  a locality The adoption o f  the com prehensive logistics 
m anagem ent principles that underlie JIT  will not lead to local com ponent sourcing w hen 
the required technology is sim ply beyond the lim ited industrial capabilities o f  a region
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(M cCann and Fingleton, 1996, M orris, 1992a, Phelps, 1993a, Phelps, 1993b, Reid,
1995)
All these com ponent characteristics and contextual conditions m ean that the adoption o f  
com prehensive logistics m anagem ent principles underlying JIT  can have a variety o f  
outcom es, involving both local and overseas sources and a com bination o f  delivery 
m ethods (Lubben, 1988) A t one end o f  the spectrum , the pipeline o f  som e com ponents 
will be organised along the lines o f  a true JIT system , characterised  by extrem ely low 
buffer inventory leve ls14, a kan-ban  delivery system  that delivers outputs on a daily 
basis15 directly to the production lines and suppliers located in close proxim ity  to the 
custom er * -
A ccording to some, true JIT  supply no longer requires custom er supplier proxim ity  The 
argum ent is that technological developm ents in transport and logistics render the 
proxim ity argum ent obsolete for all but a few  exceptional situations (M ilne, 1990) The 
point is m ade that it is not the distance but the travel tim e w hich is im portant (Lam m ing, 
1993) and that faster, m ore reliable and cheaper transport has extended the spatial lim its 
w ithin w hich a true JIT system  can operate It is technically possible to receive daily 
deliveries over considerable distances Furtherm ore, the costs o f  rail, road and air 
transport have com e dow n, partly  as a result o f  inter-m odal transportation linkages, 
developed to facilitate JIT processes over large distances (E ttlinger, 1992) As a result, 
the argum ent goes, transport costs are m aking up a decreasing proportion o f  total 
industrial costs and, consequently , the drive tow ards proxim ity is reduced Indeed, there 
are reports o f  com panies sourcing certain  inputs on a true JIT  basis from  other countries 
or even other continents (C larke and Beany, 1993, G lasm eier and M cC luskey, 1987, 
Lam m ing, 1993, M cCann, 1998, M ilne, 1990)
14 Although, the system will always involve certain work-in-process inventories to 'time the system system' 
and to compensate for some production and transportation time (Lubben, 1988)
15 The criteria are arbitrary Some authors reserve the term 'true JIT' for cases involving multiple deliveries 
a day (Moms, 1989, Morris, 1992b)
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However, these exam ples rem ain the exception rather than the rule. U nder true JIT, in 
m ost cases transport costs continue to have som e im pact on buyer-supplier distance. 
Frequency, distance, speed, reliability  and the costs o f  transport rem ain  interrelated issues 
that have to be traded-o ff (M cK innon, 1997). Im portant in this is that transit tim e 
variability tends to increase w ith the num ber o f  transport m odes used and num ber o f  
international frontiers to be crossed (M cK innon, 1997). Thus, w hile it m ight be 
technically possible to organise true JIT  supply system s spanning large geographical 
areas, it m ight not be cost efficient to do so. In general, the possible scale o f  operation for 
true JIT supply appears to have extended from  the very local to an area w ith a 150 to 200 
m iles radius, w hich in the context o f  the European space econom y often m eans the 
national scale (M ilne, 1990), although unfavourable infrastructure conditions m ight 
require m ore proxim ate location (M air, 1993).
A lternatively, the adoption o f  com prehensive logistics m anagem ent principles m ight lead 
to a "JIT-type" supply system  (Crow ley, 1996) involving slightly less frequent shipm ents 
and slightly h igher buffer inventories and suppliers at greater distances. In such instances, 
"the m eaning o f  JIT  delivery starts to change" (Lubben, 1988, p. 192). A t the o ther end o f  
the spectrum  o f  outcom es, the pipelines o f  com ponents m ight involve yet less frequent 
shipm ents, h igher (but tightly  m anaged) buffer inventory levels and suppliers located at 
considerable distances.
The practicality  o f  such system s has increased because o f  innovations in transport and 
logistics. Thus, a survey am ong A m erican m anufacturing firm s found that m any are now  
extensively using airfreight, inter-m odal transport and door-to-door, less-than-truckload, 
logistics services in order to reduce lead-tim e, pipeline inventories and buffer inventories 
and increase shipm ent frequency and on-tim e delivery (Faw cett and B irou, 1992). This 
developm ent occurred as firm s have "m oved tow ards total cost analysis and ... 
recognised the im portance o f  tim e-based-com petition" (p. 12). The system s include in ter­
continental supplies (Far E ast-N orth  A m erica) delivered, w ith a high degree o f  on-tim e 
perform ance, in tw o to three days by using air-freight. Inter-m odal shipm ent involving 
ocean-freight can be as fast as 12-14 days. A lthough only four per cent o f  the
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respondents receive their in ternationally  sourced item s on a daily  basis, alm ost one 
quarter receive these inputs on  a w eekly basis with a further 20 per cent receiving bi­
weekly deliveries This m eans p ipeline inventories o f  less than  five days for 17 per cent 
o f  the respondents w ith another 20 percent o f  the respondents reporting levels o f  s ix -ten  
days The new  logistical solutions have presented "an interface betw een global [read 
from abroad] and JIT  sourcing" w hich allow s firm s to "globally source m aterials on a JIT 
basis" (Faw cett and Birou, 1992, p  6-7)
Supply chains involving suppliers at great distances norm ally  hold a level o f  interm ediate 
inventory betw een supplier and custom er, i f  only to buffer against extended transit lead 
tim es (C hristopher, 1992) The actual ow nership and physical location o f  these inbound 
logistics buffers m ay vary The arrangem ent m ay be that the custom er ow ns all buffer 
inventories A  custom er m ight choose to stock a few  days w orth or a w eeks w orth o f  
supply 'on-the-hne' and hold title to these inventories (Lubben, 1988) In o ther cases, the 
buffers m ight be kept in on-site w arehouses (Jones and N orth, 1991, M air, 1992) or in 
off-site w arehouses, either ow ned by the custom er or by a third party  O ff-site 
w arehouses m ight be used in case o f  space shortage, or m order to relieve traffic pressure 
and retain efficiency at reception (Lubben, 1988, M cK innon, 1997)
A lternatively, the buffer inventories can be ow ned by the supplier and, here too, the 
actual physical location can vary Thus, suppliers can hold buffer stocks at the assem bly 
line o f  the custom er and goods do not change title until the m om ent o f  use A popular 
approach in this regard is the 'bread m an' system  w here the supplier takes responsibility  
for m aintaining the line inventories at an agreed level, based  on  'b lanket purchase orders' 
(Lubben, 1988) O ther arrangem ents involve suppliers keeping buffers in  a  custom er's 
on-site w arehouse, possibly operated  by the vendor (Pragm an, 1996) In yet o ther cases 
buffer inventories are kept in closely situated, off-site, w arehouses, ow ned and operated 
by either the buyer, the supplier or a third party (G lasm eier and M cCluskey, 1987, 
Lam m ing, 1993, Lubben, 1988, Pyke, 1995, Ryan, 1997, Scham p, 1991) Increasingly, 
both sm all and large com panies tap into the know ledge and capabilities o f  in ternational 
third party logistics suppliers (3PLs), as one w ay o f  dealing w ith  the com plexities o f
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operating an efficient supply system  involving overseas suppliers (Lubben, 1988) and/or 
to free up valuable resources
Thus, increasingly assem blers are reducing their inbound inventories to a m inim um  while 
the suppliers are requested  to provide JIT deliveries from  fin ished com ponent inventories, 
stored in local w arehouses These system s are often referred  to as 'apparent JIT' 
(Lam m ing, 1993, Ryan, 1997) or 'pseudo JIT ' (H udson, 1994) It is often suggested that 
these supply system s are sub-optim al and hold no benefit for the supply chain as a whole, 
since the costs o f  inventory rem ain  in the system  (Lam m ing, 1993) H ow ever, the actual 
ow nership and location o f  the inbound logistics buffers has no relevance from  a supply 
chain efficiency poin t o f  v iew  "The fact that the supply system  diverges from  the 
prototypical true JIT  picture does not m ean that the com prehensive logistics m anagem ent 
principles are not appreciated  T hese supply system s can only be interpreted as sub- 
optim al i f  the size o f  the buffers and the use o f  w arehouses reflect inflexibility  in 
m anufacturing and poor m aterials m anagem ent procedures (C hristopher, 1992)
2 4 5 Aspects o f NHVP-Related Supply Chain Strategies Leading to an Increase in the 
Linkage Distance
Apart from the inform ation exchange and logistics related  drivers for buyer-suppher 
proxim ity, a num ber o f  authors argue that other aspects o f  N H V P-related  supply chain  
strategies m ight actually  lead to an increase in linkage distance and a reduction in local 
sourcing In this regard, Phelps (1993b) m entions, inter a h a , the reduction o f  the num ber 
o f  suppliers per com ponent and com pany-w ide consolidation o f  purchases (see section 
2 3 2)
The reduction o f  the num ber o f  suppliers per com ponent w ill m ean that an increased 
am ount o f  business is placed at a sharply reduced num ber o f  significantly  larger 
suppliers, w ith the required  financial and productive resources A ccording to som e 
observers, these larger, often oligopolistic suppliers, are restructuring their global 
operations, m ore independently  o f  individual custom ers' locations and the resulting
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spatial im plication m igh t be a regionally  or globally  d ispersed supplier plant 
configuration, and a reduction in local linkages (G lasm eier and M cCluskey, 1987, 
H udson, 1994, M orris, 1992b, Phelps, 1993b, Scham p, 1991)
C om pany-w ide consolidation o f  purchases involves centralised purchasing system s in 
m ulti-plant com panies consolidating the purchases o f  input requirem ents o f  several 
plants This strategy w ill provide the netw ork o f  plants w ith  purchasing econom ies and 
product consistency at a continental or even w orld-w ide basis, a lthough transatlantic 
consolidation is believed to be rare (Phelps, 1993b) A  num ber o f  authors suggest that 
this strategy m ight lead to a  reduction in local linkages (C larke and Beany, 1993, 
M cCann, 1996, M o m s et a l , 1993, M unday et a l , 1995, Phelps, 1993b, Pike, 1998) The 
idea is that a reduction o f  supplier locations w ill generally  m ean an increase in the 
linkage distance for m ost assem bly plants Furtherm ore, centralised purchasing system s 
have been related to a lack o f  subsidiary autonom y, often perceived to lead to lower 
levels o f  local sourcing (M cC ann, 1996, M cCann, 1997, Phelps, 1993a) H ow ever, these 
argum ents are not alw ays valid
Consolidation o f  purchases on a global basis does not necessarily  m ean that inputs are 
m anufactured in one global plant A ssem blers that prefer suppliers that can supply their 
entire netw ork o f  p lants m ight still be choosing those suppliers that can supply them  from 
various m anufacturing sites O bviously, if  purchases are consolidated at one single plant 
located in one o f  the low -cost South-E ast A sian N IC s, the linkage distance for assem bly 
plants in Europe w ill increase H ow ever, in that case the increase in linkage distance for 
assem bly plants in Europe is m ore related to product cost d ifferentials than the result o f  a 
consolidation strategy As m entioned by Phelps, "the consolidation o f  purchases [ ] is
also bound up w ith  a deliberate strategy to find low er cost sources in less developed 
countries" (Phelps, 1993b, p 868)
Sim ilarly, the argum ents that relate centralised purchasing system s to low  subsidiary 
autonom y and low  levels o f  local sourcing, often contain  huge logical jum ps The 
underlying logic is that centralised  purchasing departm ents are uninform ed about and/or
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not sensitive to the requirem ents o f  and possib ilities for local supply at subsidiary level 
A num ber o f  authors have questioned a direct relationship betw een levels o f  subsidiary 
autonom y and the extent o f  local linkages (C larke and B eany, 1993, O 'Farrell and 
O 'Loghhn, 1980) There is no reason to believe that centralised  purchasing system s will 
be less interested in the benefits o f  local sourcing for individual plants and, on the other 
hand, "it is quite conceivable that increased organisational autonom y for a subsidiary m ay 
lead to globalization o f  purchasing" (D icken et a l , 1994)
2 5  N H V P  and Local Linkage Form ation Fo u r Research Patterns
The theoretical contributions o f  this d issertation concern m ainly the extent and causes o f  
local linkage form ation associated w ith N H V P approaches, in non-core European 
regions Sections 2 4 3 and 2 4 4 show ed that the effect o f  N H V P approaches on the 
location o f  suppliers is far from  straightforw ard Theoretically , efficient technical 
inform ation exchange and logistical efficiency can lead to buyer-supplier proxim ity 
How ever, the u ltim ate location o f  suppliers will depend on  a great num ber o f  factors such 
as the intensity  o f  technical inform ation exchange, the value and physical characteristics 
o f  the com ponents, the m inim um  efficient scale for the production o f  the com ponents, 
regional differences in labour costs, the continuously  developing level and costs o f  
transport and com m unication technology, regional differences in technological capability, 
as well as a range o f  other factors that have not been specifically  incorporated in the 
present study, such as regional differences in fiscal and financial incentives, and factors 
related to history  and locational inertia Taking these various product, sector and 
contextual issues into account, one target and three rival research patterns guided the case 
study o f  linkage form ation associated w ith N H V P approaches This section outlines these 
patterns The patterns are sum m arised in Table 2 2
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Research pattern 1a significant local linkages -  both comprehensive logistics 
management principles and technical information exchange drive proximity
In this research pattern, N H V P com panies source a h igh  proportion o f  their required parts 
and com ponents from  the regional econom y G eographic proxim ity  is driven by the 
requirem ents o f  both efficient technical inform ation exchange and logistical efficiency 
As regards technical inform ation exchange, local operations o f  N H V P com panies 
incorporate substantial local-for-local R& D and engineering functions, involved in 
intensive exchange o f  technical inform ation w ith suppliers Efficiency m  essential face- 
to-face com m unication requires proxim ity  o f  operations o f  the partners involved As 
regards logistical efficiency, the com bination o f  com ponent characteristics and contextual ~ 
conditions m eans that true JIT  supply, involving regional suppliers, is the optim al system  
for the m ajority o f  com ponents
The pattern has been further operationalised as follow s The m ajority  o f  the m ain 
com ponent and parts suppliers are located in relatively close proxim ity, at least in the
i
same country as the custom er (in the context o f  the present case study Ireland or 
Scotland) Furtherm ore, th is proxim ity  is not 'coincidental', rather it is based on a 
deliberate choice to deal w ith  local suppliers A ssem bly operations involve substantial 
local-for-local R& D  and engineering departm ents S ta ff in these departm ents has 
frequent face-to-face contact w ith their counterparts in the local operations o f  the 
suppliers C om m unication w ould be difficult to m aintain over longer distances Inter­
com pany product flow  is characterised  by shipm ent frequencies o f  at least once a day and 
small shipm ent sizes, leading to m inim al buffer inventories
This pattern is p resented as a rival hypothesis for several reasons As regards the 
requirem ent o f  efficient technical inform ation exchange, follow ing H udson (1994) and 
Y oung (1994), it is postu lated  that the process o f  decentralisation o f  functions will be 
partial and that R& D  in particular rem ains strongly centralised in the M N Es' hom e 
countries As outlined in section 2 4 1, m any surveys and case-studies o f  sectors norm ally 
associated w ith  N H V P, find that R& D  functions o f  operations in European peripheral
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regions rem ain  lim ited (G rabher, 1994, M ilne, 1990, M orris et a l , 1993, Pike, 1998) 
Apart from  a few  oft-cited cases, m ost operations in  non-core regions at best incorporate 
a small design function that can deal w ith custom er-specific adaptations or m inor 
cosm etic changes to the final product (M ilne, 1990, Pike, 1998) The sam e studies point 
to a 'liaison function' o f  local engineers w ith  centralised R& D  sta ff to secure 
m anufacturability  and facilitate product and process change H ow ever, this liaison takes 
place w ith centralised R & D  sta ff -  design-related in teraction betw een local engineers and 
local suppliers is expected to be very lim ited The local engineering groups' role in issues 
related to quality o f  parts and com ponents does involve technical inform ation exchange 
w ith suppliers H ow ever, follow ing A rita and M cC ann (2000), it is postu lated  that the 
technical inform ation exchange involved in these issues is not intensive and requires 
lim ited face-to-face contact A ll this renders efficient exchange o f  technical inform ation 
irrelevant as a driver for a reduction in the linkage distance in the context o f  foreign 
subsidiaries o f  M N Es located in non-core regions
Even if  the European operations play a substantial role in the corporate process o f  
technological co-ordination w ith suppliers, the postulation is that this will not present a 
strong driver for buyer-supplier co-location Taking account o f  the findings o f  A rita and 
M cCann (2000) the b e lie f is that technical inform ation exchange is a driver for proxim ity 
only in case o f  a lim ited num ber o f  higher-order alliances, characterised by a high 
intensity o f  the technical inform ation exchange Furtherm ore, even in these alliances 
A rita and M cC ann find that the intensive technical inform ation exchange can be 
organised efficiently  over a distance not exceeding one day's return  jou rney  by air The 
proxim ity effect w ould therefore show  on a W estern European scale, rather than on a 
national scale Finally, A rita and M cC ann's study and findings pertain  to sm all 
sem iconductor firm s only In this thesis, based on  the ideas o f  M cC ann and Fingleton 
(1996) and M cK innon (1997), the postulation is that intensive technical inform ation 
exchange is an even less spatially restrictive issue for large globally operating M N Es 
involved in N H V P
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As regards logistical efficiency, the contention is that N H V P com panies do take account 
o f  the com prehensive logistics m anagem ent principles in the m anagem ent o f  their supply 
chains H ow ever, for a com bination  o f  reasons (see research scenario  2a) it is postulated 
that these considerations will not lead to buyer-supplier proxim ity  on  a national scale 
Rather, for the m ajority  o f  com ponents, global sourcing, involving m anaged inventory 
levels, w ill prove the optim al solution
Research pattern 1b significant local linkages -  comprehensive logistics 
management principles drive proximity but technical information exchange does 
not - «-  -
Here, N H V P com panies source a high proportion o f  their required parts and com ponents 
from  the regional econom y H ow ever proxim ity  is driven by the requirem ent o f  logistical 
efficiency only The requirem ent o f  efficient technical inform ation exchange proves not 
to drive custom er-supplier proxim ity  The N H V P operations in the non-core regions 
incorporate no significant R& D  functions Local engineering groups are m ainly involved 
in non-intensive exchange o f  technical inform ation w ith suppliers, m ainly  concerning 
part and com ponent quality  This inform ation exchange requires lim ited face-to-face 
contact and, therefore, does not drive custom er-supplier proxim ity
This pattern has been operationalised  as follow s Like in  the previous scenario, the 
m ajority o f  the m ain  com ponent suppliers are located in relatively close proxim ity , at 
least in the sam e country as the custom er Furtherm ore, this proxim ity  is not 
'coincidental', rather it is based on a deliberate choice to deal w ith  local suppliers In ter­
com pany product flow  is characterised by shipm ent frequencies o f  at least once a day and 
sm all shipm ent sizes, leading to m inim al buffer inventories C ustom ers' assem bly 
operations incorporate no substantial local-for-local R& D  groups W here local engineers 
are involved in the face-to-face exchange o f  technical inform ation w ith  local suppliers, 
this contact is not the real driver behind the co-location o f  facilities It is relatively  easy to 
organise this exchange, in an efficient way, w ith  suppliers located further afield
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This pattern is presented as the second rival hypothesis, a lthough it is considered m ore 
likely than scenario l a  The results o f  an earlier study into the locational im pact o f  JIT  
linkages m  the Scottish electronics industry m atch th is pattern  to an extent
Two general results came out of the initial survey The first result was that the philosophy 
of JIT was being applied more or less the same everywhere in all the plants All firms were 
aiming to reduce the level of inventory held within the plant by requiring their suppliers to 
deliver goods in smaller more frequent individual shipments The second result was that 
not only were all firms attempting to use local suppliers wherever possible m order to 
produce their material inputs, but that the reason for this was primarily in order to allow 
frequent small-scale JIT shipments of input materials to be made, rather than due to any 
reasons of the necessity of geographical proximity to facilitate supplier-customer information 
exchange (McCann and Fingleton, 1996, pp 499-500)
For reasons outlined under pattern  la , it is postulated  that efficiency in the exchange o f  
technical inform ation is not a driver for custom er-supplier proxim ity  m the contex t o f  
foreign subsidiaries o f  M N Es located in non-core regions Furtherm ore, the contention in 
this dissertation is that N H V P com panies do take account o f  the JIT principles in the 
m anagem ent o f  their supply chains H ow ever for a com bination o f  reasons (see research 
scenario 2a) it is postulated that these considerations will not lead to buyer-supplier 
proxim ity on a national scale
Research pattern 2a no significant local linkages -  neither comprehensive 
logistics management principles nor technical information exchange drive 
proximity, but the principles are appreciated
In this pattern  N H V P com panies source the vast m ajority o f  their required parts and 
com ponents from  global sources and the am ount o f  linkages w ith the regional econom y is 
lim ited N either the requirem ent o f  efficient technical inform ation exchange nor the 
requirem ent o f  logistical efficiency leads to custom er-supplier proxim ity , not even  on  a 
national scale The N H V P operations in the non-core regions incorporate no significant
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R& D functions Local engineering groups are m ainly  involved in non-in tensive exchange 
o f  technical inform ation w ith  suppliers, m ainly  concerning part and com ponent quality 
This inform ation exchange requires lim ited face-to-face contact and, therefore, does not 
drive custom er-suppher proxim ity  As regards logistical efficiency, like under patterns la  
and lb , N H V P com panies do take account o f  the com prehensive logistics m anagem ent 
principles in m anaging their supply chains H ow ever, these considerations do not lead to 
buyer-supplier proxim ity  on a national scale Rather, global sourcing, involving m anaged 
inventory levels, is the optim al solution for the m ajority o f  com ponents Thus, in contrast 
to the logistics system  described under pattern  2b, this logistics system  represents an 
optim al supply chain solution
This pattern has been further operationalised as follow s The m ajority  o f  the m ain 
com ponent and part suppliers are located at a considerable distance -  at least outside the 
country and in m any cases on other continents Inbound logistics associated w ith these 
foreign sources involves certain  buffer inventories, generally  held in w arehouses from  
where the production lines are supplied 'just-in-tim e' As such, the inbound logistics 
system  diverges from  the textbook true JIT logistics system  H ow ever, the 
com prehensive logistics m anagem ent principles are appreciated and are taken into 
account in the trade-o ff betw een the benefits o f  using local or overseas suppliers and in 
the organisation o f  logistics A verage buffer inventories are prevented from  rising too far 
above an optim al target level, by tightly  m anaging the logistics pipeline C om ponent 
supply by overseas suppliers involves high shipm ent frequencies and sm all shipm ent 
sizes In contrast to the traditional Fordist way o f  sourcing, w hich involves overseas 
suppliers delivering once every two or three m onths, th is scenario involves regular on- 
tim e deliveries on a daily, w eekly or bi-w eekly basis (Faw cett and Birou, 1992)16
The actual ow nership and geographical location o f  the inbound logistics buffers m ay vary 
and inbound logistics m ight well involve a com bination o f  arrangem ents H ow ever,
16 According to Fawcett and Birou (1992), even deliveries on a monthly basis can be in accordance with the 
comprehensive logistics management principles
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suppliers that hold  title to the buffers are not 'forced to eat inventories’ as reported by 
Roper et a l (1997) and M orris (1993), but are com pensated for providing the facility
Finally, this pattern  does not rule out local linkages altogether C haracteristics such as 
high physical volum e/w eight, high value, great variety  o f  options w ithin a  com ponent 
category will lead to close buyer-supplier proxim ity  m  case o f  a m inority  o f  com ponents 
W here these characteristics do lead to local sourcing, the choice for local suppliers is not 
driven by considerations related to efficient technical inform ation exchange Thus, the 
operationalisation as regards R & D  and local engineering functions is the sam e as under 
scenario lb
This pattern represents the target hypothesis For reasons outlined under pattern  la , it is 
postulated that efficiency in the exchange o f  technical inform ation is not a driver for 
custom er-supplier proxim ity  in the context o f  foreign subsidiaries o f  M N Es located in 
non-core regions As regards logistical efficiency, the conten tion  in this d issertation is 
that N H V P com panies do take account o f  the JIT  principles m the m anagem ent o f  their 
supply chains H ow ever, it is postu lated  that rising differences in labour costs betw een 
regions in com bination  w ith innovations and price reductions in transport and logistics 
m ean that for the m ajority  o f  com ponents the optim al supply chain  solution does not lead 
to buyer-supplier proxim ity  on a national scale Rather, in the m ajority  o f  cases the 
optim al solution w ill involve suppliers located in regions w ith  substantially  low er labour 
costs, particularly  in the Far East
Research pattern 2b no significant local linkages -  neither the comprehensive 
logistics management pnnciples nor technical information exchange dnve 
proximity, and the principles are not appreciated
This pattern represents the third rival hypothesis As in research pattern  2a, in this 
research pattern  N H V P com panies source the vast m ajority  o f  their required parts and 
com ponents from  global sources and the am ount o f  linkages w ith  the regional econom y is
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lim ited N either the requirem ent o f  efficient technical inform ation exchange nor the 
requirem ent o f  logistical efficiency leads to custom er-supplier proxim ity , not even on a 
national scale The requirem ent o f  efficient technical inform ation exchange does not 
drive custom er-supplier proxim ity , for the sam e reasons as outlined under research 
patterns lb  and 2a A s regards logistical efficiency, com panies do not take account o f  the 
com prehensive logistics m anagem ent principles in m anaging their supply chains The 
choice betw een a local and an overseas source is based on  a trade-o ff w here the total 
logistics cost com ponent is under-estim ated The result is a sub-optim al supply chain 
involving m ainly overseas suppliers and excessive local inbound inventories C ustom ers’ 
internal JIT  production system s m ight be frequently  fed w ith  supplies stored at local 
w arehouses B ut these w arehouses contain  sub-optim al inbound inventory levels -  "a 
new  variant o fju st-m -case"  (H udson, 1994, H udson, 1997c)
This pattern  has been further operationalised  as follow s The m ajority  o f  the m ain 
com ponent and part suppliers are located at considerable d istance - at least outside the 
country and in m any cases on other continents The logistics associated w ith these foreign 
sources involves high levels o f  inventories, both in the pipelines and stored in local 
warehouses -  'just-in-case ' -  a lthough these local w arehouses m ight well supply the 
production lines on a  'just-in-tim e' basis The inbound inventories are not tightly  m anaged 
-  inbound buffers am ount to a couple o f  m onths' w orth o f  supply Com ponent supply by 
overseas suppliers involves infrequent shipm ents, l e b i-m onthly or even less frequent, 
and large shipm ent sizes, so com panies are able to exploit econom ies o f  scale in 
transport The logistics system  favours cheaper transport alternatives, i e slow  ocean 
freight The actual ow nership  and geographical location o f  the inbound logistics buffers 
m ay vary and inbound logistics m ight well involve a com bination  o f  arrangem ents The 
custom er's w ish  to elim inate inventories can m ean that suppliers are 'forced to eat 
inventories'
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Table 2 2 Research patterns
jç ^ T jU sea rch  Pattern Operationalisation
Research Pattern la (rival)
Significant local linkages -  both 
comprehensive logistics 
management principles and 
technical information exchange 
drive proximity
-Customer and majority of material input suppliers located in the same 
country
-Proximity is deliberate
-Substantial local-for-local R&D and engineering departments in 
frequent face-to-face contact with local suppliers Communication 
would be difficult to maintain over longer distances 
-Shipment frequencies of at least once a day and minimal buffer 
inventories
Research Pattern lb (rival)
Significant local linkages -  
comprehensive logistics 
management principles drive 
proximity but technical 
information exchange does not
-Customer and majority of material input suppliers located m the same 
country
-Proximity is deliberate
-No significant local-for-local R&D departments 
-Local engineering departments might have face-to-face contact with 
local suppliers, but the technical information exchange involved is 
relatively easy to organise with suppliers located further afield 
-Shipment frequencies of at least once a day and minimal buffer 
inventories
Research Pattern 2a (target)
No significant local linkages -  
neither comprehensive logistics 
management principles nor 
technical information exchange 
drive proximity, but the 
principles are appreciated
-The majority of material input suppliers are located abroad and in 
many cases on other continents
-Material inputs from foreign sources will generally require slightly 
higher buffer inventories than is the case in research pattern la and 
lb , but the optimal buffer inventory levels are tightly managed 
involving daily, weekly or bi-weekly shipments 
-The ownership and geographical location of the buffers may vary 
-In relation to the minority of suppliers that are located in the same 
country, proximity is not driven by considerations related to efficient 
technical information exchange -  the operationalisation as regards 
R&D and local engineering functions is the same as under pattern lb
Research Pattern 2b (rival)
No significant local linkages -  
neither the comprehensive 
logistics management principles 
nor technical information 
exchange drive proximity, and 
the principles are not 
appreciated
-The majority of material input suppliers are located abroad and in 
many cases on other continents
-Material inputs from foreign sources will generally involve high, sub- 
optimal, buffers amounting to a couple of months' worth of supply 
Buffer inventory levels are infrequently replenished, l e less than 
twice a month
-The ownership and geographical location of the buffers may vary 
-In relation to the minority of suppliers that are located in the same 
country, inventory levels are sub-optimal and proximity is not driven 
by considerations related to efficient technical information exchange -  
The operationalisation as regards R&D and local engineering 
functions is the same as under scenario lb
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Finally, local linkages are not ruled out altogether Again, only  in case o f  a m inority o f  
com ponents w ill characteristics such as high physical volum e/w eight, high value and 
great variety o f  options w ithin a com ponent category lead to close buyer-suppher 
proxim ity H ow ever, the num ber o f  locally m anufactured com ponents will be even 
sm aller than in pattern  2a The location o f  local suppliers "could easily  be explained by 
reference to old argum ents about transport costs rather than new  ones about 'just-in-tim e 
and in one place"' (H udson, 1994) W here com ponent characteristics do lead to local 
sourcing, the choice for local suppliers is not driven by considerations related to efficient 
technical inform ation exchange Thus, the operationalisation as regards R& D  and local 
engineering functions is the sam e as under scenario 1 b and 2a
2 6 Assessing the Dynam ic Indirect Regional Development Im pact
The theoretical contributions o f  this dissertation concern m ainly the extent and causes o f  
local linkage form ation associated w ith N H V P approaches, in non-core European 
regions This provides im portant insights into the potential indirect developm ent effects 
o f  these plants H ow ever, an assessm ent o f the actual contribution o f  N H V P to a process 
o f self-sustaining, regional developm ent is facilitated by an investigation into the actual 
im pact o f  local linkages on the quality and com petitiveness o f  the supplier base o f  a 
particular reg ion  O ne o f  the aim s o f  the research project has been to get m ore detailed 
insight into the actual im pact that N H V P plants have on their suppliers in non-core 
regions This section outlines the fram ew ork that has guided this aspect o f  the research
The indirect effects o f  M N Es on regions can be assessed in a 'static' or a 'dynam ic' 
fram ew ork (Turok, 1993, Y oung et a l , 1994) H istorically, the linkage effects have been 
assessed w ith in  a static fram ew ork, focussing on the value o f  the local linkages, their 
associated em ploym ent, and the im pact on the balance o f  paym ents In this dissertation, 
the num ber o f  local linkages and the percentage o f  m aterial inputs are exam ples o f  'static 
indicators' o f  developm ent effects for the region To expand on this, and bridging the 
sta tic-dynam ic distinction, an attem pt w as m ade to establish the extent to w hich the
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dem and o f  the focal com panies led to an expansion o f  production capacity  and new  
com pany form ation in the region
Dynam ic fram ew orks focus on the quality o f  the linkages and their long-term  effect on 
regional industrial structure and capabilities These dynam ic effects are obviously m ore 
difficult to m easure, partly  because o f  the fact that different host regions start w ith 
different levels o f  industrial capability  In this d issertation the approach is taken that 
dynam ic effects occur w here the custom er-supplier relation involves supplier 'adaptation', 
1 e where local suppliers need to change and upgrade in order to supply Partly based on 
the categorisation by G adde and H akansson (1993), three kinds o f  supplier adaptation 
have been selected to serve as dynam ic indicators o f  regional developm ent
First, supplying a M N E m ight m ean that suppliers have to upgrade or expand product 
technology Second, supplying a M N E custom er m ight m ean that the suppliers have to 
upgrade process technology, e g  new  m achinery or equipm ent Third, dealing w ith a 
M NE custom er m ight involve an upgrade o f  adm inistrative and organisational routines 
and standards across all functions, including logistics and inter-firm  com m unication The 
significance o f  this last form  o f  upgrading for the process o f  dynam ic developm ent in 
non-core regions is increasingly recognised (C lancy, O 'M alley, O 'ConnoII, and Van 
Egeraat, 2001, O 'D onnell, 1997)
G iven the N H V P drive tow ards com pany-w ide linkage consolidation the expectation was 
that the local supplier base w ould include m any subsidiaries o f  foreign M N Es This idea 
was supported by findings o f  sim ilar research in the context o f  o ther non-core regions, 
carried out by the author (V an G runsven and V an Egeraat, 1999, V an G runsven, Van 
Egeraat, and M eijsen, 1995) A ccording to D icken (1998), local linkages involving 
subsidiaries o f  other M N Es are less beneficial for regional developm ent than linkages 
involving indigenous com panies The idea is that indigenous com panies generally locate 
a greater range o f  functions and establish  a h igher degree o f  authority  w ithin the region 
than foreign M N Es As a result, indigenous com panies are likely to be m ore em bedded 
and less footloose, increasing the chance o f  technology spill-over and further
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investm ents For this reason the research established the extent to w hich the local 
linkages involved indigenous com panies Furtherm ore, the assessm ent o f  adaptation and 
upgrading at local suppliers w as largely confined to indigenous com panies only
A ctive supplier developm ent activities (Jarayam  and V ickery, 1998, Lam m ing, 1993, 
R ich and Hines, 1997) on the side o f  the M N E custom ers are an im portant m edium  to 
enhance the "dem onstration effects" (G rabher, 1994, M unday et a l , 1995) or "tutoring 
effects'1 (Cooke and M organ, 1998) o f  M N Es on the regional supplier base Therefore, 
this research established the extent o f  these supplier developm ent activities, defined as 
the "policies, procedures and practices for assessing and im proving supplier capability  
and perform ance in m ultiple areas such as quality , design support, and delivery" 
(Jarayam  and V ickery, 1998, p 21) Supplier developm ent can take a variety o f  form s 
such as advice, assistance and purchasing sem inars organised by the focal firm  It can 
involve dyadic relations as well as the developm ent o f  suppliers as a group via the 
form ation o f  supplier associations (R ich and Hines, 1997)
A final strong indication o f  dynam ic effects through linkages is the extent to w hich the 
upgrading in technology and organisational routines enable local suppliers to com pete 
m ore effectively in w ider m arkets (D icken, 1998) In this research this issue was 
addressed by establishing the extent to which indigenous suppliers have been able to 
internationalise on the back o f  their experience w ith  the focal com panies, either through 
exports or v ia o ther form s o f  internationalisation
2 7 Conclusion
This chapter has described N H V P as a distinct post-Ford ist form  o f  industrial 
organisation and exam ined existing em pirical and theoretical w ork regarding the 
associated geography o f  supply linkages and the im plications for regional developm ent in 
non-core regions
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D iverging theoretical ideas exist as to w hether the adoption o f  N H V P approaches will 
lead to an increase in the extent o f  local linkages and previous studies on sectors and 
com panies that are generally associated w ith  N H V P approaches report contrasting 
findings This raises questions that have been captured in the follow ing overall problem  
statem ent for this d issertation
Do N H V P  approaches have significant indirect developm ent effects in the 
fo rm  o f  linkages, in non-core reg ions7 H ow  does N H V P  affect the geography  
o f  production linkages?
The answ er to the first part o f  the problem  statem ent - vDo N H V P  approaches have 
significant indirect developm ent effects in the fo rm  o f  linkages, in non-core reg io n s? - 
will contribute detailed inform ation regarding the am ount o f  backw ard linkages generated 
by N H V P plants It w ill also provide a strong and unam biguous basis for answ ering the 
second part o f  the problem  statem ent - H ow  does N H V P  affect the geography o f  
production  linkages? This question aim s to test and advance existing theories regarding 
the drivers behind the geographical configuration o f  supply chains
Based on a critical analysis o f  the logic related to the two buyer-supplier proxim ity 
drivers m ost often put forw ard in relation to N H V P industries, one target research pattern 
and three rival research patterns w ere form ulated to guide the research The target 
hypothesis is that N H V P com panies in non-core regions have lim ited  local linkages 
N either the requirem ent o f  efficient technical inform ation exchange nor the requirem ent 
o f  logistical efficiency leads to custom er-supplier proxim ity, not even on  a national scale 
Local engineering groups are m ainly involved in non-in tensive exchange o f  technical 
inform ation w ith  suppliers This inform ation exchange requires lim ited face-to-face 
contact and, therefore, does not lead to custom er-supplier proxim ity  As regards logistical 
efficiency, the com panies do take account o f  the com prehensive logistics m anagem ent 
principles in m anaging their supply chains H ow ever, these considerations do not lead to 
buyer-supplier proxim ity  on a national scale Rather, global sourcing, involving m anaged 
inventory levels, is the optim al solution for the m ajority o f  com ponents
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The relevance o f  these ideas will be tested in a case study o f  the  m icrocom puter hardw are 
industry in Ireland and Scotland The industry is defined as the industry producing PCs 
(including laptops and notebooks), w orkstations and entry level servers (see section 4 1) 
The industry has been presented as a good exam ple o f  N H V P (H udson, 1997c, Kotha, 
1995, International B usiness W eek, 03-10-1983 and 14-05-1984, M organ, 1991, Sayer, 
1986) w hile both  countries have traditionally  been considered econom ically  peripheral, 
sem i-peripheral or less favoured (e g , A m in  et a l , 1994, C larke and Beany, 1993, M orris 
et a l , 1993) Furtherm ore the industry can serve as a critical case for testing one aspect o f  
the theory -  the postulation that custom er-supplier proxim ity  is partly  dependent on the 
value and the w eight/volum e o f  the supplied com ponents M ost o f  the com ponents used 
by the m icrocom puter hardw are industry have a low  physical volum e/w eight and a high 
value Finally, Ireland and Scotland are two peripheral regions that together have 
attracted the vast m ajority  o f  (U S) foreign direct investm ent in the m icrocom puter 
hardw are industry in Europe The size o f  the activity  in both  countries present a good 
context for testing the theoretical propositions Indeed, press articles often suggest the 
existence o f  a m icrocom puter cluster in Ireland (Casey, 1995, Casey, 1997)
Sim ilar research has been carried out previously by A ngel and Engstrom  (1995) as part o f  
their study o f  the PC industry in the U SA  The present research analyses the geography o f  
the m icrocom puter hardw are industry in an entirely different context, that o f  subsidiaries 
o f  m ultinational enterprises operating m non-core regions Furtherm ore, in explaining the 
causes o f  lim ited local linkage form ation by PC plants in the U SA , A ngel and Engstrom  
concentrate on the role o f  only one possible driver for buyer-suppher proxim ity  efficient 
technical inform ation exchange The present d issertation also investigates the role o f  a 
second driver logistical efficiency
87
CHAPTER 3 METHODOLOGY
3 1  Introduction
The research involved a case-study research design There are different ideas as to w hat 
constitutes a  case study Therefore, the follow ing tw o sections outline the author's 
interpretation o f  ’case study' and position it in relation to the d istinction  betw een 
quantitative research and qualitative research The subsequent sections discuss the m ain 
com ponents and issues o f  the case study research process selection o f  un it o f  analysis
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and case, identification o f  theory, hypotheses and generalisation, data collection, data 
analysis, validity and reliability
3  2  Quantitative versus Qualitative Approaches to Research
For heuristic reasons, research in social sciences is com m only divided into quantitative 
and qualitative research approaches or paradigm s B ased on  C resw ell (1994), this section 
briefly outlines the different ontological, epistem ological and m ethodological 
assum ptions o f  the two stereotype approaches It is im portant to m ention that the 
contrasts apply to the stereotypes only and that actual studies often com bine ideal 
characteristics o f  either approach
The quantitative approach has long been the m am  approach  in social sciences The 
approach is firm ly based in the positiv ist science tradition  O n the ontological issue -  
w hat is the nature o f  reality  -  reality  is view ed as independent o f  the researcher, 
som ething that can be m easured objectively O n the epistem ological question -  the 
relationship o f  the researcher to that being researched -  the idea is that the researcher 
rem ains distant and independent o f  that being researched A ll th is has im plications for
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m ethodology 1 The em pirical-theoretical program  generally  involves the hypothetico- 
deductive m ethod and the em pirical cycle T heories lead to hypotheses that are tested in a 
cause-and-effect order Concepts, variables and hypotheses are chosen before the study 
begins The aim  o f  the study is to develop generalisations that contribute to the theory 
and help to better predict and explain  phenom ena The praxeological program  consists o f  
statistical testing o f  theories on the em pirical reality  w ith  a great em phasis on  the validity 
and reliability  o f  the inform ation and instrum ents M ethods for data collection typically 
include experim ents and surveys using questionnaires and structured interview s
Q ualitative approaches have been developed as a result o f  the d iscussion regarding the 
shortcom ings o f  the quantitative, purportedly objective, approaches in sociology 
(M axw ell, 1996, W ester, 1987) Stereotype qualitative approaches incorporate the idea 
that m ultiple realities exist in  any situation those o f  the researcher, the individuals being 
researched, and the audience interpreting the research H ere, objectiveness m eans that the 
developed theory corresponds closely w ith  the in terpretation o f  the situation by the 
subjects under research The distance betw een researcher and those being researched is 
often m inim ised rather than m axim ised As to m ethodology, an inductive logic often 
prevails in qualitative approaches H ere, the researcher aim s to have a m ore open view  o f  
the em pirical reality and theory is form ulated in the second stage C ategories are not 
identified a p rio ri by the researcher but em erge from  inform ants This em ergence 
provides rich context bound inform ation leading to a deeper understanding and theories 
that help explain a phenom enon The requirem ent o f  intensive contact m eans at least the 
use o f  interview s, and often open observation or participation  techniques Q uantitative 
concepts such as internal and external validity  and reliability  are often substituted for 
other techniques, such as, verification o f  inform ation w ith  the inform ants and 
triangulation
A s will be discussed in the follow ing section, textbooks on  research design and 
m ethodology often treat case study research as qualitative research A part from  the fact
1 In this section methodology is defined as the process of research, as part of the broader approach to 
research
89
that in actual research  practice there is no clear d iv ision betw een qualitative and 
quantitative studies, the author supports the v iew  o f  o ther contributors that there are 
various form s o f  case study research, som e o f  w hich have a  strong quantitative elem ent
3  3  Case Study Research
The present study w as designed as a causal case study There are d iverging ideas as to 
w hat constitutes case study research It is often treated  as a particu lar form  o f  qualitative 
research, along w ith  ethnography and grounded theory (e g , C resw ell, 1994, M axw ell, 
1996, W ester, 1987) Yin (1993) on the o ther hand believes that the d ichotom y betw een 
qualitative and quantitative research is unhelpful and argues that case study research is 
distinct from  ethnography and grounded theory as well as from  standard quasi- 
experim ental (quantitative) research He defines the case study as an em pirical inquiry 
that investigates a phenom enon w ith in  its context, addresses a situation in w hich the 
boundaries betw een phenom enon and context are not clearly  evident, and uses m ultiple 
sources o f  evidence
W hat d istinguishes Yin's conception o f  a case study from  traditional quantitative research 
follow s from  the concern  w ith  context The richness o f  the context m eans that the study 
will have ’’m ore variables than data points" (Y in, 1993, p 3) w ith im portant im plications 
for generalisation Furtherm ore, the richness m eans that the study w ill likely use m ultiple 
sources o f  evidence that can be quantitative or qualitative This m akes statistical analysis 
difficult or im possible
W hat distinguishes Y in’s concept o f  a case study from  ethnography and grounded theory 
is the idea that case study research can be explanatory and test theory A long w ith 
exploratory and descriptive case studies, he distinguished causal case studies oriented to 
the testing and advancem ent o f  theory and thus part o f  a  cum ulative body o f  know ledge 
rather than isolated em pirical enquiries The traditional idea is that research questions that 
posit a strong causal relationship betw een variables suggest som e form  o f  experim ental
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research design and the use o f  statistical tools to m ake inferences from  one's sam ple to 
the larger population  (N unan, 1992) Y in on the other hand argues that cause-effect 
relationships can also be researched w ith  case studies
W ithin causal case studies Yin distinguishes the factor theory and the explanatory theory 
The first is one o f  the m ost com m on types o f  causal theory in social science It involves 
assem bling a  set o f  independent variables and determ ining w hich are m ost correlated 
w ith the dependent variable using statistical techniques A lthough the factor theory is 
able to determ ine that 'X* led to 'Y f it does not tell m uch about the underlying causal 
processes and the relative im portance o f  the independent variables It is thus poorly 
specified in term s o f  cause and effect Furtherm ore it can only, be em ployed w hen there 
are sufficient data points Therefore, factor theory favours survey analysis, a lthough it has 
its counterpart in case study research
A ccording to Yin causal case study research favours explanatory theories, particularly 
com plex ones H ere the researcher uses existing explanatory theories to determ ine the 
causal relationship The case study is characterised by a strong adherence to the 
hypothetico-deductive fram ew ork As in traditional quantitative research, theoretical 
fram ew ork and hypotheses/postulations are developed in advance o f  the data gathering 
and data analysis process, and the research design involves testing o f  these hypotheses 
H ow ever, the explanatory  theory in a causal case study involves a d ifferent approach to 
design, generalisation, testing and validity
3 4 Unit of Analysis and Case Selection
The unit o f  analysis lim its the boundaries o f  the case study and helps in the identification 
o f  the relevant data to be collected Furtherm ore, the findings o f  the case study pertain  to 
specific theoretical propositions about the defining unit o f  analysis These propositions 
will be the m eans for generalising the findings o f  the case study -  to sim ilar cases 
focussing on  the sam e unit o f  analysis (Yin, 1993)
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The unit o f  analysis for the present study has been N H V P industries in  non-core regions 
The central postulations guiding the study addressed the im pact o f  N H V P M any o f  the 
issues related to N H V P m anifest them selves at the level o f  the supply chain H ow ever, it 
was believed that supply chains w ere strongly in terw oven and that the geographical 
configuration o f  individual chains w as partly  determ ined by the configuration o f  the 
entire industry
Case studies can either have a  single-case design or m ultip le-case design A  single-case 
study focuses on a  single case only  M ultiple-case studies include tw o or m ore cases 
w ithin the same study O ne o f  the m ain advantages o f  m ultiple-case designs is that the 
evidence is considered m ore com pelling The ^ replication yields greater confidence in the 
robustness o f  the theory On the other hand, m ultip le-case studies can require extensive 
tim e and resources For th is reason, the present study involved a  single case the 
m icrocom puter hardw are industry in Ireland and Scotland The b e lie f was that m any 
suppliers in the two countries w ould be part o f  a single cross-border production system
There are at least three criteria  for selecting a case topical relevance, cn ticality  for the 
theory being tested, feasibility  and access (Y in, 1993) All three reasons w ere relevant to 
the selection o f  the present case First, the case was relevant to the topic, 1  e suitable for 
the phenom enon being studied (Yin, 1984) C om panies in the industry had been 
portrayed as prim e exam ples o f  N H V P, both in academ ic literature and other publications 
(Hudson, 1997, K otha, 1995, International B usiness W eek, 03-10-1983 and 14-05-1984, 
M organ, 1991, Sayer, 1986) Furtherm ore, both  countries w ere traditionally  considered 
econom ically peripheral, sem i-peripheral or less favoured (e g , A m in, Bradley, H ow ells, 
Tom aney, and Gentle, 1994, Clarke and Beany, 1993, M orris, M unday, and W ilkinson,
1993)
A t the sam e tim e the m icrocom puter hardw are industry represents a  critical case in 
testing one part o f  the theory  -  the causal relation betw een logistical efficiency and 
custom er-supplier proxim ity  One o f  the propositions is that this relation is partly 
dependent on  the value and the w eight/volum e o f  the supplied com ponents M ost o f  the
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com ponents used by the m icrocom puter hardw are industry have a  relatively  low  physical 
volum e and a  h igh  value and for this reason the industry can serve as a  critical case
A nother reason for selecting the case concerned feasibility  and access Ireland and 
Scotland were relatively convenient research locations for the researcher Together, both 
countries had attracted  the vast m ajority  o f  (U S) foreign direct investm ent in the 
m icrocom puter industry in Europe (see section 4 4) The sheer size o f  the activity  in these 
two countries presented a suitable context for testing the theoretical propositions
3 5 Theory, Hypotheses and Generalisation
_  t s r  r
The causal case study is characterised by a strong adherence to the hypothetico-deductive 
fram ew ork Problem  statem ent or research questions are related to existing theories 
regarding phenom ena and decom posed into a series o f  causally  linked hypotheses These 
hypotheses are subsequently  tested and the findings are generalised
As regards the problem  statem ent, the case study approach is m ost appropriate for 'how' 
and ’why' questions, i e questions that are looking for an explanation rather than a 
prediction o f  a phenom enon (Y in, 1984) The ’how' question  o f  the present study looked 
for an explanation o f  the geography o f  production linkages -  how  does N H V P affect the 
geography o f  p roduction linkages? B ecause this geography w as not clear at the outset o f  
the study a 'what' question w as included as well -  do N H V P approaches have significant 
indirect developm ent effects in the form  o f  linkages, in non-core regions? The initial 
design also included a question about the direct developm ent effects o f  N H V P and 
inform ation on this topic was collected H ow ever, halfw ay through the research project a 
decision was taken to focus the research on the indirect effects, partly  because o f  the 
lim ited quality o f  the data on direct developm ent effects (see section 3 6 2)
A great body o f  research has been carried out by other researchers leading to various 
theories as to the geographical outcom e o f  new  production concepts and the processes
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involved These theories have been outlined in Chapter 2 These theories led to the 
formation of a set of causally linked hypotheses together representing the target research 
pattern or target hypothesis of the study The most simple logic model involved one main 
independent variable -  the adoption of NHVP -  and one dependent variable -  the extent 
of local linkages (see Figure 3 1) Two aspects of NHVP were identified as the mam 
theoretical drivers for local linkage formation the requirement of efficient technical 
information exchange and the requirement of logistical efficiency
'igure 3 1 Logic model
requirem ent o f  efficient technical 
inform ation exchange
requirem ent o f  logistical 
efficiency
extent o f  local linkages
Most variables and other theoretical concepts were deliberately rather loosely defined 
For example, the highly abstract concept of NHVP referred to a wide range of flexible 
production models, all with a particular detail and emphasis Although the concept was 
loosely defined, great effort was made to identify and describe the generic elements of 
the various models Similarly, the requirement of efficient technical information 
exchange and the requirement of logistical efficiency were not precisely defined In fact, 
the precise meaning of these issues in the microcomputer industry was one of the main 
subjects of the case study and was to be based on the respondents’ own interpretation as 
discussed during the interviews
The definition of the term 'local' was rather problematic In principle, 'local' was defined 
as the territory of either Ireland or Scotland The clear socio-political delineation of the 
two territories provided the study with obvious policy relevance and both countries had 
often been considered as units in regional development theory (e g , Amin et a l , 1994, 
Krugman, 1997) However, the geographical configuration of production networks was
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strongly determined by the decisions of enterprises, notably MNEs, and for these 
enterprises, 'local1 might well have meant ’national* or 'regional' in the broader 
supranational sense (Dicken, Forsgren, and Malmberg, 1994) Therefore, in working 
towards an explanation of the geographical configuration of production networks it was 
considered helpful to adopt a flexible definition of the term rlocal' Thus, ’local' linkages 
were inventoried and measured at both the level of the individual countries as well as at 
the level of the 'British Isles’ Similarly, the relevance of the various drivers for 'local' 
linkage formation were investigated in the context of suppliers located in the same 
country as well as elsewhere in the British Isles Related to all this, where appropriate, the 
dependent variable, ’extent of local linkages', was substituted for other concepts that 
better captured the imprecise spatial scale relevant to the various drivers, notably 
'reduction of the linkage distance' and 'increasing buyer-supplier proximity'
The 'measurement' of the various elements of NHVP, the extent of local linkages and the 
relevance of the two mam drivers for local linkage formation involved both qualitative 
and quantitative data Some of the information could not be readily converted to 
numerical values However, to facilitate a quasi-statistical analysis (see below), 
quantitative data were collected where possible
The causal case study involves a specific approach to testing and generalisation, 
generally referred to as analytical generalisation (Hamel, 1993, Yin, 1993) This can be 
contrasted to the traditional quantitative approach of statistical generalisation In a 
traditional quantitative survey design the individual cases represent a sample of a larger 
population to which the findings are generalised after statistical testing This approach is 
not suitable for a case study A case study calls for intensive amounts of data about a 
small number or a single unit of analysis The number of subjects or data points is so 
small that it cannot outnumber the variables of interest In other words, "the degrees of 
freedom would always be insufficient compared to the number of variables" (Yin, 1993, 
p 81) Furthermore, many of the required data cannot be readily converted to numerical 
values Both characteristics make statistical testing and generalisation to a larger 
population irrelevant
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Instead, "generalisation of the results of a case study is made to theory, and not to 
populations" (Yin, 1993, p 79) This means that the researcher identifies a theory that the 
case study is trying to test, rather than regarding the individual case studies as data points 
or part of a sample The theory will provide a predicted pattern of events, which becomes 
a series of benchmarks, a template, against which empirical results can be compared In 
this way theory can be tested with empirical evidence collected from a single-case study 
Multiple case designs are based on a replication logic rather than a sampling logic 
Replication simply yields greater confidence in the robustness of the theory
Similarly, the results of this case study of the microcomputer hardware industry in Ireland 
and Scotland cannot be generalised to all other NHVP industries Rather, theories about 
the geographical configuration of these other NHVP industries are the target to which the 
results could be generalised However, this generalisation is not automatic In principle, 
the theory must be tested through replication of the findings in a second or even third 
NHVP industry Once such replication has been made, the results might be accepted for a 
much larger number of similar industries (Yin, 1984) Prime candidates for generalisation 
would be theories about the geographical configuration of the consumer electronics 
industry, the telecommunications hardware industry and the car industry Thus, apart 
from providing an explanation for the case of the microcomputer industry, in principle 
the present case study serves as one element in a broader academic process of cumulative 
theory formation in which future case studies will further support, refine or adapt the 
developed target theory
However, the case study of the microcomputer hardware industry in Ireland and Scotland 
might be considered to have 'face-generalisabihty' (Maxwell, 1996), i e there is no 
obvious reason not to believe that the results apply more generally
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3 6 Data Collection
Research data can be collected from various sources Traditional qualitative research 
generally involves a survey or an experiment In a survey, individuals in a sample of the 
population are asked the same set of questions and the answers are subsequently 
statistically analysed The questions can either be mailed to the respondent, administered 
in a face-to-face interview or gathered through telephone interviews (CreswelL 1994) 
The main advantages of the postal questionnaire are the low cost and time requirements 
One of the mam downsides is that the response rate is generally very low, particularly 
where questionnaires are rather long A further drawback is that there is no opportunity 
for the researcher* to probe beyond the written answer Face-to-face interviews on the 
other hand have a higher response rate, allow for more extensive questionnaires and 
provide the opportunity to probe the answers provided Furthermore, the face-to-face 
contact provides the interviewer the opportunity to build rapport with the interviewee, 
thereby raising co-operation The mam problem is that the method can involve enormous 
time and costs This problem is somewhat reduced by the use of telephone surveys But, 
like the postal questionnaire, the telephone survey is less suitable for extensive 
questionnaires Furthermore, it does not allow for questions that require the consultation 
of filed information
Data collection for case studies can involve six different sources of evidence interviews, 
documentation, archival records, direct observations, participant observation and physical 
artefacts (Yin, 1984) Most relevant in the context of the present study are interviews, 
documentation and direct-observation
Interviews are one of the most important sources of case study information The 
interview is generally of a different nature from that in a traditional survey A good 
understanding of phenomena and causal processes often requires data that are not readily 
converted to numerical values Questions can be more open and answers more elaborate 
Interviews may take several structures, ranging from unstructured or open-ended to 
structured (Yin, 1984) The unstructured interviews are conversations during which the
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interviewee is invited to discuss the facts of a matter In contrast, in a structured 
interview, the interviewee strictly follows the order of questions laid down in a 
questionnaire Many case studies make use of semi-structured interviews that guarantee 
the discussion of a number of core questions while at the same time leaving room for 
elaboration and manoeuvre
Documentation as a source of data may include public documents such as newspapers, 
internal administrative documents, private documents such as letters, as well as formal 
studies of the same case According to Yin (1984), the usefulness of these documents is 
not based on their necessary accuracy or lack of bias In fact, many documents must be 
carefully used and should not be accepted as a true representation of events that have 
taken place The most important use of documents is to corroborate and augment 
evidence from other sources If the documentary evidence is contradictory, the researcher 
has specific reason to inquire further into the topic
Direct observation involves the researcher visiting and observing the case study site 
Observations can range from formal to casual data collection activities (Yin, 1984) 
Formal observations involve the development of protocols and the researcher may 
measure the incidence of certain processes Less formal observations might be made 
throughout a field visit, including those occasions during which other evidence is being 
collected Observational evidence can often serve to provide additional information and a 
better understanding about the topic
Because of the volume and sensitivity of the data required, the main source of evidence in 
the present study was interviews while documentation and direct observation were used 
to some extent as well Furthermore, part of the data was collected via a postal 
questionnaire but these data were never meant to become the subject of statistical 
analysis in the context of a traditional survey research design The mam interview data 
were collected in three phases The initial research design involved two phases The first 
phase was primarily used to collect data on the geographical configuration of the 
production networks of the microcomputer industry in Ireland and Scotland The other
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purpose of this first phase was to obtain a broad feedback from the companies as to the 
relevance of some of the mam concepts and theories in the initial research design This 
information could than serve to fine-tune the research hypotheses and the questionnaire 
for the second phase After the second phase, and based on findings of this second phase, 
the idea was that the dissertation would gain from additional primary data, and it was 
decided to include a third phase of data collection The three phases are discussed below
3 61  Phase One
The microcomputer hardware industry can roughly be divided into system ^ assemblers 
and component manufacturers Partly based on time and cost considerations, it was 
decided that the brunt of the required data would be collected by interviewing the 
assembly companies Although supplier companies could have provided an additional 
perspective regarding the spatial configuration of the production network, the belief was 
that the relevance of the hypothesised drivers could be investigated by interviewing only 
the assembly companies A selection of supplier companies was actively involved in the 
study However, their involvement was limited, with the main purpose to check 01 
complete information provided by the informants in the assembly companies, e g in case 
informants could not provide the requested information or in case the information from 
different sources proved contradictory
In early 1998, a comprehensive list of companies with system assembly facilities in 
Ireland and Scotland was compiled with the co-operation of staff at the industrial 
development agencies in the two countries IDA Ireland and Scottish Enterprise The list 
included 11 multinational branded computer companies, three contract electronics 
manufacturers and three very small indigenous start-up companies It was decided only to 
seek the active involvement of the 11 mam branded microcomputer assemblers The 
plants of the contract assemblers were basically an extension of the facilities of the main 
computer assemblers and the idea was that the production concepts and geographical 
configuration of the supply network would not differ much from those of their main
99
customer The small indigenous start-up companies were excluded on the basis of their 
small volumes, which meant that they could not have adopted NHVP approaches
The limited number of major microcomputer assemblers m Ireland and Scotland made it 
possible to actively involve all the mam firms m the case study The length of the 
interviews and the multi-phase design of the data-collection process required a great 
commitment of management in the focal companies For this reason great effort was 
made to ensure co-operation First, the two industrial development organisations were 
asked to support and facilitate the project Letters outlining the research proposal and 
containing a request for support were sent to the Chief Executives of the two 
organisations Both executives expressed their support for the project and appointed a 
senior staff member to facilitate the study Mr Alex Bryce, Manager Information 
Industries Group, Locate in Scotland at Scottish Enterprise and Mr Donal Murphy, ICT 
Division East Coast/Mid-West USA & Asia, IDA Ireland Being the principal investment 
promotion and support bodies, both organisations had substantial leverage over the target 
companies and the two senior staff members were well acquainted with target companies' 
management
The two agencies sent a letter to the most senior executives at the 11 target companies, 
introducing the project, expressing support and requesting co-operation Subsequently, 
the executives were contacted by phone and a second letter was sent by the researcher 
with a more detailed outline of the research project, a mention as to the multi-phase 
nature and a suggestion regarding the most appropriate staff member for the first 
interview, 1 e the Materials Manager or the Purchasing Manager (see Appendix A 1 ) All 
11 target companies expressed their willingness to co-operate with the multi-phase 
research project The 11 companies, from here on referred to as the focal companies, are 
listed m Table 3 1
The first round of interviews in Ireland was conducted in November 1998 Intel had 
already closed its system assembly plant (ESSM) in the second quarter of 1998 
However, it was believed that interviews would still offer important insights regarding
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the main research question For this reason interviews with former staff were conducted 
on a post-hoc basis, with reference to the second quarter of 1998 Similarly, interviews at 
AST-Samsung were conducted on a post-hoc basis, with reference to the second quarter 
of 1998, just before AST stopped assembling desktops and servers in Ireland Although 
AST-Samsung was still assembling portable computers in November 1998, the belief was 
that the situation during the first half of 1998 would provide a fuller picture of a NHVP 
plant As regards the focal companies in Scotland, all but one of the first-phase interviews 
took place in February 1999 Packard Bell-NEC delayed the first interview for internal 
reasons until the third quarter of 1999 In nearly all cases the interviews were conducted 
with the Materials or Purchasing Manager or a staff member with an equivalent remit or 
knowledge In many cases staff members with responsibility for specific commodities 
joined the principal interviewee for part of the interview
Table 3 1 Co-operating microcomputer assembly companies in Ireland and Scotland
Ireland
Apple Computers, Cork 
AST Research, Limerick 
Dell Computer Corporation, Limerick 
Gateway Computers, Dublin
Intel Ireland, European Site for System Manufacturing (ESSM), Leixlip 
Scotland
Apncot-Mitsubishi, Glenrothes
Compaq Computer Manufacturing, Bishopton
Digital Equipment Corporation, Ayr
IBM UK, Greenock
Packard Bell-NEC, Livingston
Sun Microsystems, Linlithgow
As regards the structure, the interviews consisted of two parts -  both guided by a 
questionnaire designed for the purpose (see Appendix B 1) The first part of the interview 
served to collect a limited amount of data regarding the background and activities of the 
focal companies -  partly to facilitate the flow of the second part of the interview -  as well 
as a preliminary investigation of the relevance of some of the mam concepts and theories
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in the initial research design. As regards the latter facet, the interview was semi­
structured allowing for elaboration and manoeuvre.
The second part of the interview served to collect data on the geographical configuration 
of the supply chains of the focal companies. This part of the interview was highly 
structured, involving the completion of a table listing the different material inputs. It was, 
however, not exactly the same for every company. In order to be as complete as possible, 
as well as to save time during the interview, the listing of relevant material inputs was 
customised to the particular situation of the individual focal companies and data on 
suppliers obtained from other sources was integrated in the questionnaire. After 
completion of the table, as an extra check, interviewees were shown a list of existing 
component manufacturers in Ireland and Scotland and were asked if the list included 
suppliers to the focal companies. The information used for customising the questionnaire 
and for compiling the list of existing component manufacturers had been obtained 
through documentation research.
Documentation included newspaper articles, corporate annual reports and corporate 
Internet web-sites. Since the first quarter of 1996 and for the entire duration of the 
research project the researcher systematically collected newspaper material, referring to 
the computer industry in Ireland, mainly published in The Irish Times and The Sunday 
Business Post. Abstracts were filed in a computer database that included all 
microcomputer assemblers and suppliers. From 1998, material on the microcomputer 
industry in Scotland was included as well, mainly published in the on-line edition of The 
Scotsman.
The broad design of the questionnaire was piloted at the Irish subsidiaries of two MNEs 
involved in NHVP. This piloting did not lead to major changes in the broad design, other 
than a greater division of one of the questions in the first part of the questionnaire and a 
slightly different layout of the component table. The detail of the questionnaire, 
particularly of the second part, was very specific to the microcomputer assemblers, which 
meant that it could only be tested in such companies. However, given the research design,
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the questionnaire could not be piloted in any of the major microcomputer assemblers in 
Ireland or Scotland. Instead, it was decided to use the interview at the first company to 
gather the required information as well as to ’test1 the design. The company agreed to co­
operate in the design process by granting two interviews with two different staff members 
in this first phase. The first interviewee answered the questions in the first part and 
discussed the design of the entire questionnaire. This led to a further specification of one 
of the questions in the first part of the questionnaire, as well as the addition of component 
categories in the second part. Subsequently, the second interviewee answered the 
questions in the second part of the questionnaire. The remaining focal companies all 
worked with the same questionnaire except for the fact that questionnaires were 
customised to individual focal companies (see above).
The decision was taken to tape-record and fully transcribe the interviews. There are 
obvious disadvantages of tape-recording an interview, notably the fact that interviewees 
tend to be more 'reserved' in answering questions. However, tape-recording was used for 
several reasons. Tapes provide a more accurate rendition of interviews than any other 
methods (Yin, 1984) and allow for the incorporation of quotes in the reporting process. 
Furthermore, compared to making notes, tape-recording saves interview time without 
losing valuable information. All interviewees were asked permission to tape the 
interviews and were told they were free to turn off the tape at any moment, a privilege 
used in a number of cases. In spite of the interviews being recorded, hand notes were 
made to prevent data being lost in case of recorder failure as well as to facilitate the 
interview process.
After transcription, the interviews were followed up by an e-mail message, outlining the 
gaps in the provided information and the request for completion. The interview 
information was checked with information on suppliers obtained from other sources 
(mainly newspaper articles and corporate web-sites). Discrepancies and remaining gaps 
were addressed during the second round of data collection.
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Finally, further information was collected through direct observation Six focal 
companies granted the researcher’s request for a site tour, sometimes directly following 
the interview Observation was relatively informal and the mam purpose was to increase 
the researcher's understanding of the logistics processes in relation to the assembly 
processes as discussed during the interviews Furthermore, the tours did provide an 
opportunity to supplement and corroborate some of the information provided during the 
interviews
3 62  Phase Two
After fine-tuning of the research hypotheses, the plan was to collect all the required 
information in a second phase of data collection Again, interviews were to be the mam 
source of evidence but an important part of the information was obtained via postal 
questionnaires Documentation research was used as well
The second round of interviews was conducted during the second half of 1999 All senior 
executives contacted for the first round of interviews were sent a letter reminding them of 
their commitment to the multi-phase research project (see Appendix A 2) The Intel 
ESSM plant was now closed for over a year and the Digital business was in the process 
of integrating with Compaq However, the requested data pertained to the situation during 
the time the first interviews were conducted so both companies were still included in this 
second round Given the wide-ranging nature of the requested information, and in an 
effort to spread the interview load, the executives were requested to put forward for 
interview a number of staff members with knowledge of the following areas 
materials/purchasing, logistics, corporate organisation, investment, R&D and human 
resources All companies, except Intel, co-operated in the second round of interviews 
The number of staff members interviewed in this second round ranged from 2 to 7 and 
typically included the General Manager or executive with equivalent seniority, the 
Materials/Purchasing Manager, and the HR Manager Where focal companies had a
104
significant development function, interviews were conducted with the head of the 
development group (see list of interviews following the bibliography)
The interviews were semi-structured and guided by questionnaires designed for the 
purpose (see Appendix B 2) The mam interview items included general company 
information, corporate organisation and structure, customer relations, the assembly 
factory, the supply chain, local impact, logistics, product and process development, and 
human resources A number of questions on the issue of local impact, not exclusively 
positioned in the section with the same name, were included to gain more detailed figures 
on static as well as dynamic indicators of the regional development effects of the local 
linkages created by NHVP plants 2 Questions regarding human resources were mainly 
included to obtain data required to address a research question about direct regional 
development effects, that had been part of the initial research design (see section 3 5) 
However, partly because of the lower quality of the collected data (see below), but mostly 
for reasons related to focus and size, it was decided not to include these issues in the 
present dissertation and most of the related data were left unused 3
The various items were divided over separate questionnaires, so as to suit the particular 
remit and expertise of individual interviewees and to spread the interview load Because 
of the fact that the number and function of interviewees in the focal companies varied, the 
content and layout of questionnaires was different in each company In order to prevent 
confusion, the individual questions were not numbered -  the questionnaire presented in 
Appendix B 2 has been numbered and slightly modified for the purpose of discussion 
Most questions were of an open nature However, with the view of using quasi-statistics 
(see below), quantitative data were collected as well, often using a Likert scale of 1 to 7
2 Although the theoretical contributions o f  the dissertation concern m ainly the extent (static effects) and 
causes o f  local linkage form ation associated with N HVP approaches, one o f  the aims o f  the research project 
was to get m ore detailed insights into the dynam ic effects o f  these linkages, i e the effect on the quality and 
com petitiveness o f  the local supplier base (see section 2 6)
3 Some o f  the m aterial on direct regional developm ent effects with respect to four focal com panies in 
Scotland, has been included in an earlier paper by the author (Van Egeraat, 1999)
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Like in the first round of interviews, to some extent the questionnaires were customised 
to the individual focal companies First, existing information from the first interviews 
was included in the questionnaire so that a number of questions could be skipped, 
depending on the extent of the information provided during the first interview 
Furthermore, a number of questions specifically built on the information provided in the 
first round of interviews and these data, notably supplier names, were integrated in the 
questionnaire Secondly, existing information obtained by documentation research was 
included in the questionnaire copy of the interviewer However, here the aim was not to 
save time Rather, the information was included as part of a triangulation process In 
order not to influence interviewees’ answers, the existing information was not included in 
the interviewees' copy When the answers provided did not corroborate the existing 
information, the discrepancies were discussed Thirdly, not all questions were relevant to 
all focal companies and the irrelevant questions were not included in the questionnaire
For the reasons discussed in relation to the first round of interviews, the second 
questionnaire could not be piloted in any of the major microcomputer assemblers 
Furthermore, because of its highly sector specific nature, it was the researcher's opinion 
that the questionnaire could not be tested in a different sector For these reasons the 
decision was taken not to test the overall design of the questionnaire However, some 
central questions had been tested at the earlier-mentioned Irish subsidiaries of two MNEs 
involved in NHVP, notably Q8, Q9, Q10, Ql l ,  Q36-Q40, Q42, Q48 and Q66 Other 
than a reduction in the categories of Ql l ,  this testing did not lead to major changes 
Furthermore, some questions, in adapted form, had proved valid in earlier studies carried 
out by the researcher (Van Egeraat, 1995, Van Grunsven and Van Egeraat, 1999), 
notably Q1-Q6, Q8, Q45, Q47, and Q49 Like in the first round of interviews, the first 
company to be involved in the second round of interviews was used to 'test' the overall 
design, mainly with respect to the size of the questionnaire This led to the decision to 
omit a number of questions from the questionnaire Furthermore, in relation to the 
various tables in the questionnaire, companies supplying similar inputs were put together 
in one cell, although the interviewees were asked to differentiate between suppliers where 
relevant
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For the reasons discussed in relation to the first round of interviews, all interviews were 
tape-recorded and fully transcribed Some of the questions, particularly many of the 
tables in the section on human resources, required the consultation of filed information 
and were left unanswered during the interview After transcription, the interviews were 
followed up by an e-mail message outlining the gaps in the provided information and the 
request for completion The quantitative data were analysed using the descriptive 
statistics functions of Microsoft Excel
As to the quality of the response, the majority of questions were addressed very 
satisfactorily The exceptions concerned the questions on human resources Although 
valuable information was collected from all focal companies, in a number of companies 
some of the questions remained unanswered, probably due to the exceptional detail that 
was requested This situation persisted, despite numerous follow-up e-mails, letters and 
phone-calls
Although most information could have been collected in the face-to-face interviews, a 
postal questionnaire was included in order to save valuable interview time (see Appendix 
B 3) The postal questionnaire only contained questions regarding the relevance of NHVP 
concepts for the focal companies The questionnaire was highly structured The various 
questions were posed using a Likert scale of 1 to 7, where 1 indicated a weak match with 
textbook NHVP while 7 indicated a very strong match, although the actual wording 
depended on the particular question The Likert scale was used to obtain data that could 
serve as ’quasi-statistics* (see below) and not with the idea of obtaining data suitable for 
statistical analysis in the context of a quantitative research design The questionnaire was 
largely designed for this project, although the idea of using a Likert scale and the 
formulation of a number of the questions were inspired by Pine's (1993) study of mass 
customisation
The postal questionnaire was piloted at the Irish subsidiary of one MNE involved in 
NHVP Furthermore, the make-up of the questionnaire was discussed with the
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respondent This process lead to a reduction in the number of questions as well as small 
changes in the wording
The questionnaire was sent to the general managers or executives with equivalent 
seniority/remit before the main interview In order to increase the response rate, as well 
as to create opportunities to address gaps in the information, and further explore 
unexpected answers, the respondents were asked to return the questionnaires before the 
interview After a brief first analysis, the gaps and unexpected answers were discussed 
during the interview Ten companies agreed to co-operate but only nine questionnaires 
were returned The data were analysed using the descriptive statistics functions of 
Microsoft Excel software package
Finally, as in the first phase of data collection, documentation included newspaper 
articles, corporate annual reports and corporate Internet web-sites In addition, corporate 
material such as internal newsletters and marketing material, obtained during the first site 
visits was used as well
3 63  Phase Three
After preliminary analysis of the data collected during the first two phases it became clear 
that the dissertation would gain from an additional round of primary data collection The 
questions, in particular Q51, had proven to be not specific enough to fully capture the 
component-specific detail of the inbound logistics pipelines The dissertation required 
more detailed data on inbound inventory levels, mode of transport and shipment 
frequency
For this reason the focal companies were interviewed for a third time m the second 
quarter of 2001 By this time, two of the original 11 focal plants, Intel ESSM and 
Apricot, had closed while the original Digital facility was now part of Compaq However, 
the requested data pertained to the situation during the time the first interviews were
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conducted Therefore both the Apricot-Mitsubishi facility and the old Digital plant were 
included m this third phase Intel had already opted out in the second phase Given the 
subject matter and the period under consideration, the co-operation was sought of the 
Materials or Logistics Managers who were involved in the first and second round of 
interviews Some of the original interviewees had moved to different positions or even 
different companies However, m most cases contact had been maintained so that in eight 
cases the original interviewees could be contacted, although some of them were no longer 
employed at the focal companies In two other cases, new contact was established with 
relevant staff via the chief executives Care was taken that new interviewees could 
provide data on the period 1998-1999 In the end, the staff of eight focal companies 
agreed to be interviewed - ~ ^
The interviews were structured and guided by a questionnaire containing a single table 
listing material input suppliers (see Appendix B 4) In principle the questionnaires could 
have been administered by post However, interviews were chosen m order to increase 
the response rate and guarantee the quality of the answers provided Furthermore, 
interviews provided the possibility to discuss unexpected answers In order to save time 
and costs, all interviews were conducted over the telephone The downsides of telephone 
interviewing were considered less relevant given the existing rapport built during earlier 
interviews The questionnaires were customised to the extent that the tables listed the 
suppliers of individual focal companies Furthermore, information collected in the first 
two interviews had been included which meant that tables were often already completed 
to a considerable extent, particularly columns two, three, four and five
Questionnaires were forwarded in advance of the interviews as an aid for the discussion 
All interviews were recorded and fully transcribed After transcription, interviews were 
followed up by an e-mail message outlining the gaps in the provided information and the 
request for completion
Given its straightforward nature, the questionnaire was not piloted The only concern was 
that the interview might require too much time In relation to this, the first interview was
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conducted with an interviewee who had proved very co-operative The interviewee was 
informed of the draft nature of the questionnaire and after the interview the length of the 
questionnaire was discussed No changes were deemed necessary
In the same period, very short telephone interviews were conducted with staff at a 
selection of local supplier firms (see list at end of bibliography) The interviews were 
used when interviewees at the focal companies were unable to provide the requested 
information In some cases these supplier interviews were used as a final check, when 
information from different sources proved contradictory
Finally, during this last phase and at the start of the research project a small number of 
semi-structured face-to-face interviews were conducted with staff at the two industrial 
development agencies and other informants on the development of the microcomputer 
industry (see list at end of bibliography) The main aim of these interviews was to obtain 
information regarding the development of the microcomputer industry in Ireland and 
Scotland The interviews were guided by questionnaires The content of the 
questionnaires was highly customised to the particular agency and geared towards filling 
gaps in information left after documentation research
Overall, the vast majority of evidence was collected using various semi-structured or 
structured questionnaires Data-collection regarding the various elements of NHVP, the 
extent of local linkages and the relevance of the two main drivers for local linkage 
formation involved a great number of related questions, spread over these questionnaires 
To facilitate the establishment of a 'chain of evidence' (see section 3 8 1), Table 3 2 
relates the main elements of the logic model to the questions in the questionnaires that 
addressed these elements Questions regarding the issues of technical information 
exchange and logistics have all been included in the general category of 'the supply 
chain' However, because of their centrality to the dissertation, separate rows have been 
included for these two issues as well As will become clear from this dissertation, the 
various elements of NHVP are strongly related This has been reflected to some extent in 
the fact that some questions are pertinent to a number of elements
110
Table 3 2 Mam research issues and corresponding questions in the questionnaires
Custom er relations Postal questionnaire 1-17, 62-63 
Interview 2 12-14
Product and process developm ent Interview 1 6-7
Postal questionnaire 18-25
Interview 2 53-56, 59-64
The assem bly factory Interview 1 5
Postal questionnaire 13,26-41 
Interview 2 15-21,68
The supply chain Interview 1 5, 7, 8
Postal questionnaire 42-56
Interview 2 22-30, 30-41, 48-52, 57-58
Supply chain and logistics Interview 1 5, 7, 8 and colum n 4 o f  table 
Postal questionnaire 44-46, 54 
Interview 2 34, 40, 48-52 
Telephone interview 3 Table
Supply chain and technical inform ation 
exchange
Interview  1 5, 7, 8 
Postal questionnaire 53 
Interview 2 31-33, 56-58
Corporate organisation and structure Interview 1 1-4
Postal questionnaire 57-59
Interview 2 7 -1 1 ,2 8 ,3 7 ,6 0 -6 4
Geography o f  linkage structure Interview 1 column 2-3 o f  table
Actual impact o f  focal com panies on local 
suppliers
Interview 2 38, 42-45
Human resources (direct developm ent impact) Interview 2 2-6, 42, 46, 47, 68^72, 76-77, 79-86
3 7 Data Analysis
Data analysis has been one of the least developed components of the case study approach 
One popular strategy has been pattern-matching where an empirically based pattern is 
compared with a predicted one, or with several alternative or rival predictions These 
patterns may be related to the dependent variables, the independent variables (or 
explanations), or both (Yin, 1984, Yin, 1993)
In principle the target theory or set of hypotheses could be tested by simply comparing 
the empirical data to the target theory However, a more potent strategy for analysis 
involves the development of rival theories in the design In traditional quantitative 
research the most common rival theory is the null hypothesis, l e the absence of the
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target hypothesis However, in case studies the best rival is not simply the absence of the 
target theory Instead, the best rival theory is a theory that explains the same outcome but 
with a different theory than that of the target theory The researcher should then collect 
the data needed fairly, to give each rival theory an opportunity to be proven (m-)correct 
after which the results can be compared in a pattern-matching process
There is no precise way of setting the criteria for the precision of pattern-matching, 1 e 
for deciding how close the empirical findings have to be to the predicted pattern to be 
considered a match Statistical tests are often irrelevant This lack of precision raises the 
problem of interpretative discretion on the part of the researcher As a result it is 
advisable not to postulate very subtle patterns "One wants to do case studies in which 
an eyeballing technique is sufficiently convincing to draw conclusions" (Yin, 1984, p 
107)
At the outset of the present case study neither the dependent variable, the extent of local 
linkages, nor the independent variables, or rather the explanation, were given as fixed 
Accordingly, the developed patterns were related to both the dependent variable and the 
explanation In its simplest form the target theory was the following In the 
microcomputer hardware industry in Ireland and Scotland, neither the requirement of 
efficient technical information exchange nor the requirement of logistical efficiency 
instigate customer-supplier proximity, although the comprehensive logistics management 
principles are appreciated As a result, there are no significant local linkages Three rival 
theories were developed, incorporating different outcomes and/or different explanations 
(see section 2 5) As much as possible the rival theories were developed to be mutually 
exclusive from the target theory
3 8 Validity and Reliability
There is no consensus on addressing traditional topics such as validity and reliability in 
case studies Some qualitative researchers prefer a different language, notably the concept
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of ’verification' (Creswell, 1994) Others adhere to the traditional concepts but frame 
them within the procedures that have emerged from qualitative work Thus, Yin (1984) 
distinguishes four relevant tests construct validity, internal validity, external validity and 
reliability
3 81 Construct Validity
Construct validity refers to the establishment of correct operational measures for the 
concept being studied To meet the test of construct validity, a researcher should clearly 
^ identify the subject of study and concepts and the selected measures should reflect the 
specific concepts that have been selected
The subject of study in the present case study was relatively straightforward, so construct 
validity was relatively easy to attain Thus, apart from the issue of scale, the extent of 
local material input linkages was a relatively straightforward concept that could be 
directly measured or outlined in detail, provided co-operation was obtained Still, great 
care had to be taken only to measure the material inputs actually manufactured by local 
suppliers, and not the material inputs bought from local suppliers The researcher 
expected that these two measures had been confused by respondents in other, survey 
based, studies (see, section 4 4 1) The concept of NHVP was less straightforward but the 
various elements of the concept were worked out in great detail Similarly the two 
theoretical drivers for local linkage formation, although loosely defined, were thoroughly 
analysed
A study can gam in construct validity by the establishment of a clear 'chain of evidence' 
(Yin, 1984) The principle is that the reader is allowed to follow the derivation of any 
evidence from initial research questions to ultimate case study conclusion The reader 
must be able to move from one section of the case study to another, with clear cross- 
referencing to methodological procedures and to the resulting evidence A similar chain 
of evidence was established in the present dissertation The various sections
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systematically address the various elements of the argument, as laid down in the target 
and rival hypotheses Methodological procedures and limitations were discussed, relevant 
questions in the questionnaires were identified and supporting data were presented, either 
in the text or in the appendices
3 8 2 Internal Validity
Internal validity concerns the identification of a causal relationship, whereby certain 
conditions are shown to lead to other conditions, as distinguished from spurious 
relationships The concept concerns mainly the threat of concluding that a particular
i
factor x caused a particular event/situation y, without knowing that a third factor may 
have been responsible However, it can be extended to all cause-and-effect inferences 
based on the data collected as part of a case study (Yin, 1984) Relevant questions 
include Is the inference correct? Is the evidence convergent? Does it appear to be 
airtight? In the present study, the main strategies to rule out threats to the internal validity 
included the development of rival theories, triangulation, the use of rich data and quasi 
statistics
One of the most favoured strategies towards internal validity is the development of a 
prion rival theories and the collection and analysis of data to test these rivals This 
strategy was also central to the design of the present case study, which included the 
development of one target and three rival theories (see section 3 7) As discussed, the 
stronger the contrast between the rival theories, the better the chance that internal validity 
will be achieved As much as possible, the rival theories for the present case study were 
developed to be mutually exclusive, although the various theories shared elements of 
explanation and/or outcome As expected, the empirical reality was not entirely black and 
white Thus, not all of the data fitted neatly in one and the same rival pattern However, 
the results are considered strong enough to claim internal validity
Triangulation involves the collection of information from a diverse range of individuals 
or other sources of evidence, to be used in convergent lines of inquiry (Maxwell, 1996,
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Yin, 1984) Any findings or conclusions are likely to be much more valid if they are 
based on different sources of information that corroborate each other As discussed under 
the section on data-collection, in the present case study data from different interviews at 
the same focal company were compared and data from interviews were compared with 
evidence from documentation research Furthermore, where evidence from different 
sources was in conflict, discrepancies were addressed on the spot or during follow-up 
interviews and evidence from a different source -  supplier interviews -  was used where 
conflicts were not resolved
The strategy of tnangulation exposed a great deal of misinformation that, if left 
undetected, could have confused the data analysis; and most conflicts were satisfactorily 
resolved Furthermore, the practice of 'on-the-spot' comparison made interviewees 
noticeably more prudent, leading to more valid data
Internal validity was also supported by the use of rich data These are data that are 
detailed and complete enough to provide a full picture of what is going on (Maxwell, 
1996) This reduces the possibility that the interviewer only notes what supports his 
expectations Rich data are a basis to test rival theories, rather than merely a source of 
supporting data In the present study these data were obtained by word-for-word 
transcription of the interviews, rather than by simply making notes of what was 
considered significant The transcription also included the words of the interviewer This 
made it possible to identify instances where the interviewer made specific suggestions as 
to the possible answer to a particular question Because of this, in a number of cases 
information was treated with extra caution
Finally, quasi-statistics refers to the use of simple numerical results that can be readil) 
derived from the data (Maxwell, 1996) This not only allows the researcher to test and 
support claims that are inherently quantitative, but also facilitates an assessment of the 
amount of evidence in the data that bear on a particular conclusion This strategy was 
used to a great extent in the present case-study The number of times certain phenomena 
had been observed was generally explicitly identified, often in tabular format
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Furthermore, where possible, information was collected in quantitative form, which 
allowed for an extensive use of simple descriptive statistics
Overall, the various strategies have helped to obtain internal validity The mam threat to 
the validity of the conclusions was related to the fact that the majonty of suppliers were 
not interviewed The focal companies were able to provide a great deal of information on 
the inventory levels at the suppliers’ manufacturing facilities, particularly in relation to 
suppliers located in Ireland and the UK However, the focal companies generally did not 
have precise insight into the inventory levels at suppliers' manufacturing facilities in 
other continents, notably South-East Asia As a result, some of the inferences regarding 
the efficiency of the overall logistics pipeline are based on the (informed) suppositions of 
interviewees, feedback from academics4 and the author’s own logically deduced ideas as 
to the production and logistics systems of suppliers m other continents (see section 5 5 2) 
However, in principle, this element of the argument is not ’airtight'
3 8 3 External Validity
External validity establishes the generalisabihty of the findings As discussed, the design 
of the case study does not allow for the statistical generalisation of the findings to other 
NHVP industries On the other hand, the a priori specification of theoretical relationships 
allows for analytical generalisation In principle, the theory must be tested through 
replications of the findings in a second or even third NHVP industry Thus, the present 
case study will serve as one element m a broader academic process of cumulative theory 
formation in which future case studies will further support, refine or adapt the theory
4 Initial interpretations o f  the collected data on logistical efficiency were discussed with other academ ics 
with a particular interest in the subject matter, notably Dr Philip M cCann, D epartm ent o f  Econom ics, 
University o f  Reading
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3 8 4 Reliability
The reliability issue concerns the question whether the operations of the study, such as 
data collection procedures, would produce the same results if repeated The goal is to 
minimise the errors and biases in a study Furthermore, reliability allows for the case 
study to be replicated in a different setting
Reliability of the present case study was strongly facilitated by the reliance on interviews 
using semi-structured and structured questionnaires, which made the data-coilection 
process very transparent Furthermore, reliability was supported by the development of a 
'case study database1, as suggested by Yin (1984) Thus, tapes of all interviews were kept 
All transcripts of interviews and other documentation were filed, categorised by 
individual focal company Similarly, the abstracts of newspaper articles on supplier 
companies were stored in a computer database and hardcopies of the full articles were 
kept as well All information can be accessed on request
3 9 Summary
This dissertation is a causal case study of the microcomputer hardware industry in Ireland 
and Scotland The study is characterised by a strong adherence to the hypothetico- 
deductive framework Thus, theoretical framework and hypotheses are developed in 
advance of the data gathering process and the causal relationships are subsequently 
tested
The unit of analysis is NHVP industries in non-core regions The case of the micro­
computer hardware industry in Ireland and Scotland is relevant to the topic The industry 
is considered a prime example of NHVP and Ireland and Scotland are traditionally 
considered as non-core regions At the same time, because of the characteristics of the 
components used, the industry can serve as a critical case in testing part of the theory
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The theory and hypotheses concern the relation between NHVP and the extent of local 
linkages in non-core regions The hypothesis is not tested using traditional quantitative 
statistical methods Instead testing takes the form of matching the pattern of the a prion  
developed theory to the empirically based pattern The internal validity of the results is 
increased by the development of three rival hypotheses The methodology involves 
analytical generalisation, rather than statistical generalisation Thus, the results of the 
case study cannot be generalised to the population of NHVP industries Rather, theories 
about the geographical configuration of other NHVP industries are the target to which the 
results might be generalised However, this generalisation is not automatic but requires 
the replication of the findings in a second or even third NHVP industry Thus, apart from 
providing an explanation for the case of the microcomputer hardware industry, the 
present case study serves as one element in a broader academic process of cumulative 
theory formation
As regards data collection, interviews were the main source of evidence while a postal 
questionnaire, documentation and direct-observation were used as well All 11 main 
branded computer makers in Ireland and Scotland were selected for interview and all 
companies co-operated A range of staff members was interviewed in each company in 
three separate rounds All interviews were guided by semi-structured or structured 
questionnaires
Several strategies were adopted to support the validity and reliability of the results 
Validity was supported by the establishment of a chain of evidence, the development of 
a prion  rival theories, triangulation, the use of rich data and quasi statistics The use of 
senn-structured and structured questionnaires and the development of a case study 
database facilitated reliability
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CHAPTER 4 THE MICROCOMPUTER INDUSTRY IN IRELAND AND 
SCOTLAND AND NEW HIGH VOLUME PRODUCTION
4 1 Introduction
After defining the industry in section 4 2, section 4 3 provides an overview of the global 
microcomputer industry Section 4 4 introduces the microcomputer industry in Ireland 
and Scotland in the form of a brief history of the promotion and development of the 
industry The main part of the chapter, section 4 5, determines the extent to which the 
microcomputer industry matches the textbook picture of NHVP as outlined in section 2 3 
The purpose of this section is to provide the necessary basis for analysing the 
geographical configuration of the supply network in Chapter 5 The conclusions follow in 
section 4 6
4 2 The Microcomputer Industry Defined
The term 'microcomputer industry' is an inheritance of the segmentation of computer 
hardware into mainframes, mmi-computers and microcomputers, as it applied in the 
1970s Recent developments and refinements in computing technology have removed 
part of this basic product distinction, but the term microcomputer continues to be used 
(Chandler, 1997, Dunlop and Young, 1989, Wamke, 1996) The first computers were all 
mainframes -  very large powerful and expensive systems serving governmental and large 
industrial users The 1960s and 1970s saw the rise of the minicomputer These systems 
differed from mainframes mainly in terms of processing power and cost Developments 
in integrated circuit technology reduced the cost of processing power and brought the 
computers into the reach of more users The minicomputer served smaller firms or 
departments and was used for scientific, engineering and business tasks
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The 1970s saw the rise of the microcomputer, creating a third segment in the industry 
The microprocessor technology combined central processing circuitry, different types of 
memory chips and input/output register on a single chip, providing "a computer on a 
chip" (Chandler, 1997) The cost of processing power was reduced significantly This 
made computers available to an even wider set of users Notably, microcomputer 
technology facilitated the development of PCs, including portables, laptops and 
notebooks Rather than single computers for entire enterprises or departments, PCs were 
smaller and less powerful systems, used by individuals
Rapid advancements in processing speed expanded the application of microcomputer 
technology At the end of the 1970s more powerful microcomputer technology started to 
be applied in systems for scientific, engineering, and industrial institutions -  the 
workstations Thus, these workstations increasingly penetrated the market that the 
minicomputers were designed to serve, and this eventually led to the demise of the 
minicomputer Workstations can be further subdivided into traditional workstations and 
personal workstations Traditional workstations have long been associated with high 
performance computing using RISC-based processors and the Unix operating system 
Personal workstations were originally defined as the lower-end systems using Intel 
processors and Windows software However, the distinction between the two workstation 
categories and, indeed, between workstations and PCs is becoming blurred because of 
advancements in processing power and new hardware/software solutions, bridging the 
traditional categorisations Increasingly, the only way to determine a system as one or the 
other is based on actual use
At the end of the 1980s and increasingly during the 1990s microcomputer technology 
received yet another application Individual PCs and workstations were increasingly 
linked into networks of computers via central servers Initially minicomputers or 
mainframes performed the server functions However, advancements in microprocessor 
technology meant that specially designed microcomputers could act as servers as well 
These systems generally serve the low-end of the market In the classification used by
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IDC, an international information technology research company, these servers are 
grouped under ‘entry level servers’ (costing less than $100,000 in 2001)
In this dissertation the microcomputer hardware industry is defined as the industry 
producing PCs, including laptops and notebooks, workstations and entry level servers
4 3 Global Geography of the Microcomputer Industry
At the start of the 1980s the overall computer industry could still be segmented into three 
major product groups mainframes, minicomputers and microcomputers (then mainly 
PCs) From the 1940s to the early 1980s, the mainframe market, dominated by USA 
based IBM, had been the most important segment although its share had been 
diminishing throughout the 1970s and early 1980s due to the increased popularity of 
minicomputers, manufactured by pioneering firms such as Digital Equipment 
Corporation The first PC (Altair) was produced for the hobby market in 1974 but it was 
not until 1977, with the launch of the Apple II, that it started to challenge the other two 
segments The market for PCs really took off in 1983 with the introduction of the IBM 
PCI and by 1985, the market for PCs was already larger than the market for mainframes 
or minicomputers (O'Brien, 1986)
After its conception in the 1950s the computer industry was quickly dominated by 
companies that competed on a global scale At the end of the 1970s, the mainframe and 
minicomputer business was dominated by USA based companies that internationalised at 
an early stage of the product life cycle by establishing their own manufacturing facilities 
in the major world markets Thus USA based companies such as IBM, Burroughs, 
Honeywell, NRC, Hewlett Packard, Digital, Wang, Apollo, Prime, Concurrent, Amdahl 
and Stratus all operated manufacturing facilities in Europe as well as the USA A handful 
of European companies, notably Olivetti, ICL, Groupe Bull, Norsk Data and Nixdorf had 
a modest share of the world market, mainly based on strong positions in their home 
markets (O'Brien, 1988) Manufacturing operations of these European companies were 
typically located in the home nations
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Like the mainframe and minicomputer industry, the PC industry has been dominated by 
USA based firms that competed on a global scale from an early stage 1 In 1984, the top 
10 players in the United States market were all USA based companies Initially the 
market was shared amongst a group of relatively young pioneering companies, notably 
Apple Computers However, with the launch of the PCI in 1983, IBM quickly dominated 
the market, thereby establishing the de facto world technical standard In 1984, IBM had 
40 1 per cent of the US PC market (in value terms) while its nearest competitor, Apple, 
had 13 5 per cent Other important players included Tandy, Compaq, Hewlett Packard, 
Wang, Digital and Zenith European and Japanese companies had no significant presence 
in the US market, although Olivetti was supplying PCs on an OEM basis to AT&T, who 
had one per cent of the market (O’Brien, 1986)
Likewise the Western European market was dominated by USA based companies In 
1984, IBM and Apple together were responsible for 46 per cent of the professional PC 
units sold Other USA based companies in the top 10 included Hewlett-Packard, DEC, 
Commodore, Tandy and Compaq The main European companies included Olivetti, with 
7 8 per cent of the Western European market and ACT/Apricot with a 5 5 per cent share 
The other mam European players involved in 1994 included Bull and SMT-Goupil (both 
French), Tiumph-Adler, Nixdorf and Siemens (all German), ICL (UK) and Philips 
(Dutch) In all, the European companies had approximately 25 per cent of the European 
market The only company with a significant position outside its home market was 
Olivetti, which had a moderate presence in most Western European countries as well as 
in the USA Apricot failed in its attempt to penetrate the US market
In 1984, the relatively small Japanese PC market was dominated by two Japanese 
companies producing propriety technology based systems NEC with 65 per cent of the 
market and Fujitsu with 15 per cent IBM had a relatively small share of 10 per cent, 
mainly due to technological difficulties related to the Japanese language Apple’s share
1 The follow ing account o f  the PC business in the year 1994 is based on O 'Brien (1986) Figures pertain to 
the professional PC segm ent only However, this segm ent accounted for 78 per cent o f  the overall PC 
m arket in 1984
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was insignificant The Japanese companies had not managed to make a significant impact 
outside their home markets
Since the early 1980s, the microcomputer industry has undergone significant 
restructuring in the context of further globalisation In the PC segment, intensive 
competition on a global scale and the dominance of the IBM de facto industry standard 
resulted in a shake-out of some of the first players, particularly those that had attempted 
to compete with proprietary technologies, and the rise of new clone manufacturers In the 
growing market for workstations, that became increasingly difficult to separate from the 
PC market, new start-up companies were able to quickly establish a strong global 
presence as well
USA based companies continued dominating the industry although the names have 
changed Over the 1980s and 1990s, a number of new USA based clone manufacturers, 
such as Compaq, Dell, Gateway, Packard Bell and AST, gained an impressive share of 
the global market for PCs and eventually overtook the stars of the early 1980s Other 
players lost much of their market share (IBM Apple, and Hewlett Packard) and some 
withdrew from the PC market all together, often due to the inability to compete with 
proprietary technology Thus, at the end of the 1980s Wang exited the PC market and 
Zenith sold its PC business to Bull (Wells and Cooke, 1992) AST purchased Tandy in 
1993 Fierce competition in the second half of the 1990s led to loss of market share of 
both long established companies and new clone manufacturers Digital, which had never 
been very successful in penetrating the PC market, was eventually taken over by Compaq 
in 1998 (O'Sullivan, 1998) AST was taken over by Samsung in 1997 (Casey, 1997a) 
while NEC took control of Packard Bell in 1999 (Price, 1999) Gateway was forced to 
retreat to its home market in 2001 (Smyth, 2001)
A small number of USA based companies increasingly dominated the global market for 
technical workstations In 1988, four USA based firms, Sun Microsystems, Digital, 
Hewlett Packard and Apollo already controlled 77 per cent of the global market The 
dominance of Sun Microsystems, a young start-up company, lead to further consolidation
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with Hewlett Packard taking over Apollo by the end of the decade (Wells and Cooke,
1992)
European companies lost most of the market share they had in the early 1980s, even in 
their home markets, largely due to a failure to establish the international presence 
required to compete in this business (O’Brien, 1986) UK based Amstrad was able to 
build up a ten per cent share of the European PC market in the second half of the 1980s 
but was unable to hold on to it Olivetti, the other pan-European player, failed to 
consolidate its market share and exited the PC hardware market in 1998 (Financial 
Times, 04-03-98) Apricot, who had been unsuccessful in its attempts to grow outside its 
home market, was taken over by Mitsubishi in 1990 Apricot continued to exist as a legal 
entity within Mitsubishi but kept losing market share and eventually retreated from the 
PC market in 1999 Groupe Bull attempted to break into the global PC market with the 
purchase of Zenith in 1989 (Wells and Cooke, 1992) but was not successful and sold 
Zenith to Packard Bell in 1996 In 1998, Tulip Computers, one of Europe's last major 
independent PC makers went into receivership (The Irish Times, 01-05-98) In the late 
1990s, the only European company with a significant PC business was Siemens-Nixdorf 
However, Siemens had been searching for a partner to enter the US and Asian markets 
This it found in Fujitsu and in 1999 the European computer operations became part of the 
joint-venture company Fujitsu-Siemens Computers (Lyons, 1999b)
During the second half of the 1980s Japanese companies continued to prosper in a 
relatively protected home market but adopted aggressive globalisation strategies in the 
1990s (Wells and Cooke, 1992) Mitsubishi took over Apricot in 1990 Fujitsu acquired 
ICL in 1991 (Morgan, 1991) and set up the joint venture with Siemens in 1999 NEC 
took a share in Packard Bell in the early 1990s before taking control of Packard Bell and 
Zenith in 1999 As a result, companies like NEC, Fujitsu and Toshiba acquired an 
important share of the world microcomputer market, largely based on their strength in the 
portable segment Finally, South Korean and Taiwanese companies such as Samsung, 
Lucky Goldstar, Acer and Mitac quickly established themselves as important suppliers of 
microcomputers on an OEM basis A number of these companies, notably Samsung and
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Acer, started to sell computers under there own name and gamed a significant share of 
the microcomputer market As part of its globalisation drive Samsung took over AST in 
two stages during the period 1997-98 (Taylor, 1998)
Tables 4 1 and 4 2 present the market share of the top 10 companies in the various 
segments of the microcomputer industry at the time the first interviews of this study were 
carried out USA based companies clearly dominated the PC segment Six USA based 
companies appeared in the top ten of world-wide PC shipments with a combined share of 
just over 45 per cent Three Japanese companies, NEC, Toshiba and Fujitsu had 
approximately 13 per cent of the market Siemens was the only European company in the 
top ten, with a very modest market share The world-wide market for workstations was 
virtually totally controlled by USA based companies with the top four companies holding 
a combined share of over 80 per cent of the personal workstation market while the top 
four companies in traditional workstations held 95 per cent of the market Similarly, the 
world-wide market for entry level servers was dominated by USA based companies, with 
the top four companies holding 60 per cent of the market The only European company in 
the top 10, Siemens, held two per cent of the market The picture for the Western 
European market was very similar Siemens had a somewhat more prominent position in 
the PC and entry level server segments but both segments were dominated by USA based 
companies Five USA based companies again accounted for over 45 per cent of the PC 
market while the top four USA based companies held 70 per cent of the server market
As was the case in the mainframe and minicomputer industry, the mam microcomputer 
players typically supported their global competition strategies with a global 
manufacturing presence Success in the microcomputer industry required companies to 
compete on a global scale and global competition required a multiregional presence 
Thus, one of the pioneers in the PC hardware market, Apple, established its European 
manufacturing facilities as early as 1980, while IBM started manufacturing and 
developing PCs in Europe in 1983 (IBM, 1991) In 1989, nine out of ten PCs sold in 
Europe -  mainly by USA based companies -  were being manufactured by firms with a 
European Community presence (Dunlop and Young, 1989)
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Table 4 1 Share of world-wide microcomputer shipments (units) by vendor, 1998
i¡ü | p fw S l ÎHBffiSSit
Com paq 14 4% HP 38% Sun 57% Com paq** 25%
IBM 8 7% Dell 17% HP 17% IBM 14%
Dell 8 5% Com paq** 14% IBM 12% HP 13%
P Bell-NEC* 6 5% IBM 12% SGI 10% Dell 8%
HP 6 2% Intergraph 3% Digital 5% Sun 4%
Fuj Siemens* 5 3% Digital** 2% Digital** 2%
Gateway 3 9% O ther 14% Siemens 2%
Toshiba 3 4% P Bell-NEC* 2%
Apple 3 4% Fujitsu 2%
Acer 3 0% Acer 2%
Others 36 7% O ther 26%
Source IDC, N ovem ber and D ecem ber 2001
Note * The join t-venture between Fujitsu and Siem ens was only set-up in 1999 w hile N EC  only acquired a 
controlling share m Packard Bell in 1999 However, IDC only provided com bined figures 
** Digital and C om paq counted separately until Q2 1998
Table 4 2 Share of European microcomputer shipments (units) by vendor, 1998
HÜ1 ' v. V" P It m mi i l B M o a ®  ■ -
Com paq 18 2% HP 42% Sun 46% Com paq** 24%
Fuj Siemens* 11 3% Com paq** 24% HP 18% IBM 22%
IBM 9 1% Dell 16% IBM 18% HP 14%
Dell 8 4% IBM  11% SGI 12% Sun 10%
HP 6 9% Intergraph 4% Other 7% Siemens 8%
P Bell-NEC* 5 2% Digital** 3% Dell 5%
Vobis 4 3% Digital** 4%
Toshiba 3 8% Groupe Bull 3%
Acer 2 8% Fujitsu 1%
Apple 2 8% D ata General 1%
Others 27 3% Others 8%
Source IDC, N ovem ber and D ecem ber 2001
Note * The joint-venture between Fujitsu and Siemens was only set-up m 1999 while N EC  only acquired a 
controlling share in Packard Bell in 1999 However, IDC only provided com bined figures In the first half 
o f  1999, Fujitsu had a m arket share o f 6 6 per cent while Siemens' share was six per cent This m eans that 
they probably occupied fifth and sixth position in Europe (De Telegraaf, 18-06-99)
** Digital and C om paq counted separately until Q2 1998
At the time the first interviews were carried out, in 1998, nearly all companies that co­
operated in the present study had at least one microcomputer assembly and test facility to 
serve each of the triad regions North America, Europe and the Far East The exceptions 
were Sun that used its European facilities to cover the Far Eastern markets and lagging 
Apricot-Mitsubishi, that had no manufacturing presence in the USA All plants were
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manufacturing the entire range of microcomputers that the company offered although 
there was some intra-company specialisation among plants in the USA, while the single 
most advanced servers were typically manufactured in the USA only A number of 
companies had recently invested in Brazil to cover the South-American market and three 
companies operated small software configuration centres in Australia Sections 4 5 1 and 
4 5 4 will look more closely at the forces that shaped this geographical configuration of 
assembly facilities
Within Europe, Ireland and Scotland were clearly a preferred base for microcomputer 
production in 1998 Out of the world-wide top ten Compaq, Digital, IBM, Dell, Packard 
Bell-NEC, Gateway, Apple and SUN all had a manufacturing base in either Ireland or 
Scotland Of the other players in the top ten, Siemens assembled microcomputers m 
Augsburg, Germany and Hewlett Packard in France and Germany (Ryan, 1996)
4 4 Promotion and Development of the Microcomputer Industry in Ireland and 
Scotland
This section introduces the microcomputer industry in Ireland and Scotland The first 
sub-section describes the promotion activities and development of the industry in Ireland 
The second sub-section deals with the Scottish microcomputer industry Particular 
attention is paid to the issue of industrial linkage formation
4 41  Ireland
The discussion of the development of the microcomputer industry in Ireland is supported 
by data from the annual Irish Economy Expenditure (IEE) survey carried out by the IDA 
Ireland (since 1998 carried out by Forfas) The survey contains questions on employment, 
sales, exports and expenditure on Irish raw materials For the purpose of this research,
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data on the computer assembly companies that operated in Ireland over the last 25 years2 
were extracted and the results are presented in Table 4 3 The data should be treated with 
caution, since they have been grossed up from small samples Data on individual years 
might not include all companies Furthermore, the data did not include information on 
Intel’s European Site for System Manufacturing, which operated in Ireland from 1990- 
1998 and had a peak employment of 1,500, since it was not possible to separate data on 
this plant from data on the wider Intel operations However the data do give a helpful 
overview of the growth of the computer assembly industry in Ireland Table 4 4 outlines 
the succession of plant openings and closures by the main computer assemblers in 
Ireland
Ireland has been a relative latecomer as regards industrial development After a 
protectionist period that lasted until 1958, the Irish government adopted a new economic 
and industrial development model based on outward-looking policies such as free trade, 
the encouragement of exports and inward foreign direct investment (O'Malley, 1989) In 
the 1970s, the Industrial Development Authority (IDA) set out with a very successful 
focussed strategy of searching out emerging growth sectors and their star companies and 
targeting them via an aggressive direct marketing approach (MacS harry and White, 
2000) One reason for targeting the star companies was that investment decisions by 
such companies were believed to have a strong demonstration effect on other companies 
in 1971 one of the first major successes o f the direct marketing approach was the 
decision by Digital Equipment Corporation, one of the pioneers in the minicomputer 
industry, to set up a large-scale minicomputer manufacturing plant in Ireland Digital's 
presence had a strong demonstration effect heavily influencing the decision of many 
major multinational computer hardware and software companies to locate in Ireland in 
later years
In the second half of the 1970s the IDA specifically identified electronics and computers 
as a target sector and a number of sub-sectors were considered relatively stable and less 
dependent on low-cost labour minicomputers, computer peripherals, specialist
2 Included in the analysis were Digital, Concurrent, Prim e, Stratus, N ixdorf, Com puter Autom ation, 
Amdahl, Apple, Zenith, W ang, Dell, A ST and G atew ay Intel (ESSM ) was not included m the data
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components including integrated circuits, instruments, process control equipment, 
business electronics, subassemblies to the above (Hanna, 1984) The focussed targeting 
strategy became very successful in the latter half of the 1970s when four other 
minicomputer companies -  Prime, Nixdorf, Computer Automation and Concurrent -  set 
up assembly facilities in Ireland, while Amdahl started assembling mainframes The 
companies were attracted by a ten per cent corporate tax rate, relatively low wages, 
investment in a new state-of-the-art telecommunication system and an increasing number 
of electrical engineering graduates as a consequence of a brisk response by the Irish 
education system (MacSharry and White, 2000)
Table 4 3 Key growth indicators computer assembly sector* in Ireland, 1980-1999
^m ^Y e a fr
W P (o ym e n t*v
Sales (£bn)*p
¥  ** *¿r „ ^  1
Exports (£bn)*** I rish raw materials as - 
^Percentage of total*** .
1980 2,140
1981 2,419
1982 2,585
1983 2 901 1 1 1 1 5 8%
1984 3,008 1 3 1 3 5 5%
1985 3,082 1 7 1 7 5 1%
1986 3,344 1 6 1 6 6 0%
1987 3,742 20 20 5 2%
1988 3,924 2 1 2 1 7 2%
1989 4,030 27 27 5 0%
1990 3 426 23 22 11 1%
1991 3,259 1 6 1 6 13 4%
1992 3,359 1 9 1 8 17 1%
1993 3,487 2 1 2 1 20 2%
1994 3,757 24 2 3 24 5%
1995 4,752 3 1 30 27 0%
1996 5,601 30 2 9 21 1%
1997 6 195 37 36 26 3%
1998 6719 44 4 1 28 0%
1999 6,569 6 7 64 27 6%
Notes
* Included m analysis D igital, Concurrent, Prime, Stratus, N ixdorf, Com puter A utom ation, Amdahl, Apple, 
Zenith, Wang, Dell, AST and G atew ay Intel (ESSM ) only included in em ploym ent figures, based on own 
estim ate (see text)
**Estimates for Intel ESSM  included on the basis o f  em ploym ent growth o f  200 per year from 1990 to a 
m axim um  o f 1,500 in 1997 
***Excluding Intel ESSM
Source Irish Econom y Expenditure Survey, Forfas
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Table 4.4 Mam computer assemblers in Ireland, 1970-2002
70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02
Digital i 3ÉË l i f e I P t■Ço&S «Sy •£iä ll! j l « ■i ISP" I I I !
.W .r.. \’~Pi S i IS T J g ü Ì » M i v
Concurrent ! iBSI f ^ 1ni t ¡. _ ..
Prime WMÈ l i ît ï î ! Ä
Stratus £ 1 * ■ i m IllliF . . • H R
N ixdorf vi- • i f I S « M ä ; i lk l 1 » ! 1
Comp Autom ! ! i B f
Tg!! m # J » S U S i l P # l !
Amdahl
_________
m fisk, m .. ■ ; ìjlfei . j l l f e i S S ' - , m V ,. 6 3 «>*. , ~ ' # § %rn fro> A
Apple i i t l l i l l S S "ri--.': .811s * I S S Ü P kìMI S K S S t ■' • ’ M ä? ê i J f l 2 | » 1
Zenith . •' ■ . Vië ii ä f c .y < -.V
Wang 1 ____1 libili Jltik JBÜ f© § Ä l ^ 4 ■ I B S
Intel 1 « : '■'Ci lii l i » n WA
Dell Z i 1 8 1 s i i M I g g | l l g i § i s s H E i » ■ m
AST 1 U H I M 2 2 1 S i S i i “M.'" | § f
Gateway ^ ¡ i t f i l l Si'ä m M H
Horman (APW ) n d s è i m m n d
IBM m m I * m
Source see text
Key
D ark shaded cells indicate the years a com pany was involved in com puter assem bly
L ight shaded cells indicate the years a com pany operated in Ireland but was not assem bling com puters
n d = no  data
o
Although successful in attracting a large number of computer and electronics firms to 
Ireland, the level of local embeddedness was limited Typically the Irish operations were 
limited to assembly only and the firms created limited linkages in the Irish economy 
During the 1970s a number of foreign computer component and peripheral companies 
had invested in Ireland For example Mostec, Memory and Data Products were producing 
memory products, printers were being manufactured by Centronics, Storage Tech and 
Data Products and Molex assembled cables and interconnect material (Interview Hanna, 
IDA, Dec 2001) However during the 1970s MNEs hesitated bringing suppliers over to 
Ireland because they did not want the companies to be dependent on them Companies 
were flying in everything, including bulky items such as metal casings (Interview 
Kennedy, Forbairt-NLP, Oct 1996) In 1983, the IEE survey carried out by the IDA 
showed that the computer assemblers sourced only 6 per cent of their material inputs 
from suppliers located in Ireland
The success of the 1970s was interrupted by the economic crisis of the first half of the 
1980s Compounding the crisis was a shrinking market for minicomputers due to the 
mcreasing popularity of the PC As a result, most of the minicomputer assemblers that 
had been attracted in the late 1970s closed their Irish plants in the first half of the 1980s 
Between 1982 and 1985, Concurrent, Prime and Computer Automation all closed their 
Irish manufacturing operations while Nixdorf would follow in 1989 Component 
manufacturers were closing as well, e g Mostek in 1985 (MacSharry and White, 2000)
In 1984, a complete policy rethink within the IDA led to a new focus on attracting 
industries that could achieve high output growth using the best technology available, 
while maximising their spend in the Irish economy, even if these industries were not the 
most labour-intensive Apart from tax incentives and access to the common market, an 
educated labour force, rather than low wage rates, was to become one of the mam 
marketing factors The electronics industry was believed to live up to the criteria 
(MacSharry and White, 2000) However within electronics, minicomputers were replaced 
by PCs as a sub-target sector
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The first microcomputer assemblers in Ireland were Apple and Wang who started 
manufacturing PCs in 1980 As the pioneer of the PC, Apple's investment decision had a 
major demonstration effect within the electronics industry and in 1983 Zenith followed 
with another PC assembly facility However, the crisis of the early 1980s meant that the 
real effect was not felt until the late 1980s and early 1990s With the economic recovery 
after 1987 the IDA strategy of focussed targeting of high-tech, high output, companies 
and industries started to bear fruits, particularly after 1989 when a number of prestigious 
high-technology companies decided to invest in Ireland, a decision made possible by the 
continued output of graduate engineers The real breakthrough came in 1989 with the 
decision of Intel to invest in a sophisticated microprocessor wafer manufacturing plant as 
well as a PC and motherboard assembly plant
The presence of Intel had a strong demonstration effect and a large number of computer 
related companies followed in the early 1990s As to the microcomputer assemblers, 
initially Wang and Zenith were out-competed and finally closed their Irish facilities in 
1991, while Digital, that had started assembling PCs in Ireland, decided to consolidate its 
assembly operations in Scotland, resulting in the closure of the Irish assembly plants in 
1993 However, these losses were more than offset by the investment of three new PC 
assemblers, Dell, Gateway and AST, while an indigenous subcontractor, Horman 
Electronics (later acquired by USA based APW), diversified its activities with full system 
assembly for Apple
As part of the policy rethink of the mid-1980s, in an effort to increase the attractiveness 
of Ireland for foreign MNEs, and at the same time increase their local embeddedness and 
spend in the Irish economy, the IDA aimed to upgrade the local supply structure One 
way was through the attraction of foreign component suppliers, some of which were part 
of other targeted sub-sectors of the electronics industry anyway "The IDA electronics 
division used a see-through model of a computer to identify every component in it Then, 
systematically, it canvassed the makers of each individual component, such as keyboards, 
hard disks, cables, computer mice and sub-assemblies" (MacSharry and White, 2000, p 
288) Additionally, the National Linkage Programme (NLP) was set up in 1985 with the
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objective of significantly increasing the proportion of sub-supply materials purchased by 
MNEs from indigenous Irish companies or smaller foreign companies located in Ireland 
Activities involved highlighting linkage opportunities, developing the technical and 
management expertise of the suppliers and encouraging a strong support link between the 
buyer and supplier companies (DKM, 1993, Kelly, 1988)
However, the proportion of material inputs sourced from the Irish economy, particularly 
from Irish indigenous companies, remained disappointing In early 1993, against the 
background of the closure of the manufacturing plants of Nixdorf, Zenith, Wang and 
Digital, one industry observer stated that electronics firms in Ireland were isolated from 
each other and from the local economy "Rather than constituting an industry, they are a 
series of isolated units that just happen to be based m Ireland" (Wickham, quoted in 
Cullen, 1993) The problem of limited linkage formation had been highlighted m the 
report of the Industrial Policy Review Group in 1992 (IPRG, 1992) The report called for 
a greater integration of MNEs into the Irish economy in terms of linkages, the promotion 
of industrial clusters and a more decisive shift in the focus of policy towards developing 
indigenous industry Towards this, in 1994, the IDA was split into two divisions One, the 
new IDA, was to specialise on foreign direct investment and the second, Forbairt (since 
1998 Enterprise Ireland) was to concentrate on indigenous industry The NLP, as part of 
Forbairt, came up with a set of new initiatives to increase the linkages between MNEs 
and the local economy, including a Supplier Development Programme, a Tooling Support 
Programme, and Information Brokerage Service (McCall, 1997)
In reality, the efforts of the NLP were already having some success in the early 1990s An 
increasing number of indigenous companies were supplying the microcomputer 
assemblers with metal and plastic enclosures, printed material, packaging, cables and 
supply-chain services Furthermore, the IDA was attracting an increasing number of 
foreign companies manufacturing a range of material inputs such as keyboards, mice, 
hard disk drives, power supplies, PCBs, media, floppy disks, network cards and 
motherboards, as well as software producers -  notably Microsoft -  feeding a perception
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of the development of an integrated PC cluster (Carey, 1996, Casey, 1995, Casey, 1997b, 
Trench, 1995)
According to the IEE survey in 1993 computer assemblers sourced 20 per cent of their 
material inputs in Ireland, up from 11 per cent in 1990 Since then the figure rose further 
to 27 per cent in 1995 and 28 per cent in 1998 (see Table 4 3) In 1995, the manager of 
the NLP predicted that the Irish content of PCs produced in Ireland would rise to 40 per 
cent (Casey, 1995) However, these figures need to be treated with caution Firstly, the 
local content figures are characterised by strong fluctuations For example, before rising 
to 28 per cent in 1998, the figure dropped to 21 per cent in 19963 Furthermore, a 
comparison with the figures obtained during the company interviews (see section 5 2 24) 
makes clear that the IEE figures strongly overestimate local sourcing in the industry The 
most likely explanation for this is that the IEE figures include items bought from local 
turnkey supply-chain-managers but manufactured in other regions
In fact, during the second half of the 1990s, rising wage rates in Ireland meant that certain 
sub-sectors of the electronics industry in Ireland came under severe competitive pressure 
from low cost locations in the Far East While continuing to attract a large number of 
high-tech, high output, manufacturing and service projects, Ireland witnessed an exodus 
of low-tech input manufacturers At one stage roughly 90 per cent of the mice sold in 
Europe were manufactured in Ireland (Carey, 1996) but that stopped with the closure of 
the Logitech plant in 1995 (O'Kane, 1995) In a period of two years, keyboard 
manufacturers Keytromcs (O'Kane, 1996), Alps (Hogan, 1998) and Mitsumi (The Irish 
Independent, 08-01-98), ceased actual manufacturing of keyboards and continued as 
distribution operations, retaining only a limited localisation capability Plastic component 
manufacturer Acco closed in 1998 (Clifford, 1998) Seagate closed its hard disk drive 
facility in 1997, Western Digital had already pulled out in 1992 Disk component supplier
3 These figures are roughly in line with earlier IEE analyses Thus, earlier studies found that companies in 
the somewhat broader sub-sector 'computers' sourced 19 per cent o f  their material inputs from Ireland, up 
from 14 per cent in 1992, and by 1995 the local content figure had risen to 27 per cent (Crowley, 1996, 
Gorg and Ruane, 1998) Here too, the figures show strong fluctuations Tor example, before rising to 27 per 
cent in 1995, the local content figure fust dropped to 14 per cent in 1994
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Applied Magnetics closed in 1998 (Casey, 1998) Also in 1998, Intel shifted its 
motherboard assembly activities from Ireland to the Far East
The IDA started to actively discourage large companies from siting certain 
manufacturing operations m Ireland where the main attraction was a lower cost base 
(Carey, 1996) In its 1996 review the IDA decided to drop the sub-sector 'peripherals and 
media1 as a key target sector and, within the sub-sector 'computer systems', to focus on 
server manufacturing Other sub-sectors to be targeted included software development, 
contract manufacturing and computer networking/ data-commumcation (Ryan, 1996) 
Furthermore, the IDA started to work towards an increased embeddedness of the 
electronics industry by persuading companies to establish a range of value added 
activities m addition to manufacturing, l e research and development, software 
development, sales and technical support call centres, e-commerce and shared services 
(Interview Hanna, IDA ICT division, Dec 2001)
At the time this research project started, in 1998, Ireland had a sizeable microcomputer 
hardware industry (see Table 4 5) Four large branded microcomputer makers, Dell, 
Gateway, Apple and AST, operated assembly plants in Ireland while Intel operated the 
European Site for System Manufacturing (ESSM) to support its OEM business Finally, 
Horman Electronics assembled systems for Apple on a subcontracting basis The 
manufacturing activities of most companies were restricted to the final assembly and test 
of PCs and low-end servers Intel ESSM also assembled motherboards, partly for internal 
use Most operations included a range of other functions, such as sales and technical 
support call centres, European logistics centres and regional headquarters Based on the 
interview data, the five foreign companies together employed just under 9,000 permanent 
staff (FTE) while at peak periods the head count could rise well above this figure (see 
section 4 5 3) The computer assembly sub-sector (excluding Intel ESSM) had sales of 
IR£4 4bn, nearly all in export According to the IDA’s own calculations, 33 per cent of 
PCs sold in Europe in 1999 were manufactured in Ireland (IDA promotional material 
quoted in Brennan, 2001)
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Table 4 5 Activities of main microcomputer assemblers in Ireland, 1998
^K ^p lo yee s tfll
I t e i f e
Apple HQ Europe Middle-East and Africa (EM EA)
PC assembly
Motherboard assembly (stopped Q3 1998)
Operating system and application software development and test 
European logistics centre
1,200 
(Q4 1998)
Dell PC and low-end server assembly (Limerick)
European Product Group (140 staff in Limerick involved in product 
and process development)
European logistics centre (Limerick)
Sales and technical support call centre (Bray)
HQ sales and marketing home and small business (Bray)
4,200
Gateway HQ EM EA
PC and low-end server assembly (complete range)
European logistics centre
Sales and technical support call centre
1,800
Intel (ESSM ) PC and low-end server and motherboard assembly (closed Q2 1998) 1,500
AST-Samsung PC and low-end server assembly (since Q2 1998 only laptops) 
Motherboard repair and test centre 
European logistics centre 
Technical support call centre
450
(200 since Q2 
1998)
Horman Low-end PC assembly for Apple Less than 200
(assembly
only)
Source company interviews and newspaper articles
4 4 2 Scotland
Unlike Ireland, Scotland has a long and rich industrial history, initially dominated by 
shipbuilding, engineering, textile and beverages However, the decline of the 
metalworking and textile industries brought high unemployment and the need for 
economic restructuring FDI became an important vehicle towards this end The efforts to 
attract FDI were rather fragmented (SDA, 1979) until the establishment of Locate in 
Scotland, a joint-venture between the Scottish Development Agency (SDA) and The 
Scottish Office m 1981
The mam marketing tools in attracting FDI to Scotland, included access to the UK and, 
since 1973, the European market, relatively low wage rates and financial and fiscal 
incentives (McCalman, 1988) -  although the fiscal incentives were not nearly as
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attractive as those in Ireland The importance of the local market got an extra dimension 
with the important UK public purchases that allegedly were made conditional on the 
location of new investment projects within the UK (MacSharry and White, 2000), 
although these allegations have always been denied by the SDA
The electronics industry was targeted from an early stage, although this was as much a 
result of opportunity as strategy In an effort to tackle unemployment, the SDA simply 
went after all industries with a high propensity for foreign direct investment, which from 
the 1960s onward increasingly included electronics (Interview, Tognen, Scottish 
Development International, Dec 2001) Within the electronics industry, the SDA 
successfully targeted a wide range of sub-sectors, notably defence electronics, industrial 
and commercial electronics, information systems and semiconductors By the end of the 
1970s the data processing industry was amongst the three most important 'area of attack' 
as regards inward investment (LIS, 1983, SDA, 1979)
Table 4 6 outlines the history of the computer assembly industry in Scotland The roots of 
the microcomputer industry in Scotland go back to the late 1940s and early 1950s In this 
post-war period Scotland attracted a substantial number of large USA based companies 
involved in the manufacture of electromechanical products, such as IBM, NCR, Timex, 
Burroughs and Honeywell Most of the plants later responded to changing markets and 
diversified into electronics products, with varying degrees of success IBM assembled its 
first mainframe computer in Scotland in 1959 Honeywell followed in 1964, producing 
mainframes at its Newhouse facility The Scottish facilities of NCR and Burroughs only 
diversified into computer assembly in the 1970s and 1980s, although the NCR plants in 
Scotland had been involved in computer component production since the 1950s 
(Interview Adamson, NCR, December 2001) With the rise of the minicomputer during 
the 1970s, the Scottish computer industry received a further impetus by Digital's decision 
in 1976 to expand its European production capability with a system assembly plant in 
Ayr
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Table 4 6 Main computer assemblers m Scotland, 1950-2002
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Dark shaded cells indicate the years a company was involved in computer assembly
Light shaded cells indicate the years a company operated in Scotland but was not assembling computers
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Although successful in attracting a great number of, particularly USA-owned, computer 
assemblers and other electronic hardware projects in the 1960s and 1970s, their indirect 
developmental effect through local linkage creation was disappointing Data on the 
computer industry as such do not exist but there are data on the electronics industry and 
by the end of the 1970s the computer assembly industry made up an important part of the 
electronics industry (McCalman, 1988) An SDA study of the electronics industry in 
Scotland showed that in 1979 packaging and printed circuit boards were the only supplies 
sourced primarily in Scotland The sourcing of metal products was divided equally 
between Scotland and England (SDA, 1979) Data from the Industry Department for 
Scotland show that by 1979, electronics companies sourced only 10 per cent of their 
commodity purchases in Scotland On the other hand, a sizeable 52 per cent of total 
commodity purchases was sourced in the rest of the UK (Turok, 1997)
In 1979 the SDA responded with a strategy to strengthen the supplier base, either through 
the stimulation of indigenous enterprise or inward investment (SDA, 1979) Initially, the 
stimulation of inward investment by foreign supply companies raised concern regarding 
the displacement effects on local enterprises although Locate in Scotland claimed to 
operate on the basis of additionality Concerns to avoid such effects were largely 
abandoned during the 1980s The reasoning for the 'gap-filling' strategy was that "the 
strong base of equipment firms attracts suppliers, whereas the strengthening of the supply 
chain is an incentive for further inward investment by equipment manufacturers" (Clarke 
and Beany, 1993, p 223) Where the perception was that gaps could be filled by 
indigenous companies, the companies could benefit from the SDA Business 
Development Programme In addition the SDA provided equity investment where gaps in 
the supply chain could be filled by assisting start-ups Other activities included marketing 
support and intelligence
The rise of the PC and workstation market during the 1980s, led to a new wave of 
restructuring involving new investments as well as major downsizings and job losses 
IBM dedicated a large part of its manufacturing space to the production of PCs making 
the Scottish operations the centre for personal systems in Europe - a major milestone for
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the development of the PC industry in Scotland Digital invested m a new PC assembly 
plant in Irvine in 1984 and later started workstation assembly in Ayr During the 1980s, 
both companies operated fairly integrated manufacturing operations producing systems as 
well as components, peripherals and, in the case of IBM, monitors In 1990, Digital even 
set up a facility to manufacture microprocessors that were packaged in the Ayr facility 
and subsequently formed an input for the system assembly lines The NCR facilities in 
Dundee increasingly focussed on ATM systems
Other existing computer plants were lost After more than twenty years of computer 
assembly, Honeywell stopped producing mainframe and business computers in the 
second half of the 1980s and focussed its Scottish manufacturing operations on heating 
control systems The global computer division was sold to Company Bull who continued 
the production of Honeywell-Bull branded mainframes and minicomputers in rented 
space at the Newhouse facility during the rest of the 1980s, before moving to the old 
Apollo facility in the early 1990s (see below) In 1986, the Burroughs plant closed after 
rationalisation following the merger between Burroughs and Sperry Umvac The Timex 
plant attempted to diversify away from watch production and from 1981 to 1983 
produced PCs for Sinclair but the plant eventually closed following a severe industrial 
dispute Similarly, in its attempt to diversify its telecommunication activities, GPT 
assembled PCs on a subcontracting basis for UK based Amstrad from 1985 to 1988 At 
the end of the 1980s, Amstrad had planned to acquire the GPT facility to produce PCs 
(Clarke and Beany, 1993) but these plans never developed and the plant eventually closed 
in the early 1990s
New arrivals during the 1980s included PC assemblers such as Wang (1982), Compaq 
(1987) and Birmingham based Apricot, (1983) as well as two USA based workstation 
assemblers, Apollo (1986) and Sun (1989) The Scottish success in attracting three of the 
mam workstation producers might be partly related to the weight of public purchases in 
this sector and the size of the UK market (Interview, Hanna, IDA December 2001) Some 
of the new arrivals had gone again by the end of the decade Wang was unsuccessful in 
its attempt to switch from word processors to general purpose PCs and closed its Stirling
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plant in 1988 The Apollo plant in Livingston closed in the context of a rationalisation 
programme following the take-over by Hewlett Packard in 1990 (Clarke and Beany,
1993)
The first half of the 1990s was relatively quiet as regards investments in new computer 
assembly ventures in Scotland USA based Tandem started producing large fault tolerant 
systems in the old Wang facility in 1993 while the Bull NEC venture, that had moved 
from Newhouse to the vacated Apollo facility in Livingston in 1990 to produce 
minicomputers and PCs, stopped assembling computers in 1993, concentrating instead on 
system configuration and software development The second half saw a new wave of 
consolidation and restructuring in the computer industry in Scotland IBM outsourced 
low-end computer assembly to indigenous enclosure manufacturer Mimtec (taken over by 
Fullarton in 1997) and m 1997 Taiwanese Inventech invested in a new assembly facility 
to assemble low-end systems for Compaq In the same year, Tandem was acquired by 
Compaq and production was shifted to Compaq's main plant in Erskine One year later 
Digital merged with Compaq leading to an integration of the production facilities in 
Scotland and the closure of the Digital's PC assembly facility in Irvine (Lyons, 1998b) 
Also in 1998, Packard Bell-NEC started assembling PCs in the plant vacated by the 
Bull/NEC partnership
As regards local linkage creation, the SDA aim of strengthening the local supplier base in 
the 1980s did have some success Power supplies were identified as a potential area for 
'gap filling' and the SDA supported the start up of a new Scottish company, Domain 
Power, which was quickly acquired by US Switchcraft and later became part of the 
Japanese Minebea group By the end of the 1980s the sector was strengthened by the 
decision of Taiwanese Delta Electronics to establish a plant to supply Compaq (Clarke 
and Beany, 1993) Another area for gap filling was disk drives In 1981 the SDA 
supported the start up of an indigenous company called Rodime, set up by former 
employees of Burroughs that until then had been producing hard disk drives in Scotland 
The SDA later attracted Conner Peripherals and YE Data USA-owned Eeco opened a 
keyboard manufacturing plant In the second half of the 1980s, the gap in PCB assembly
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was filled through the inward investment by USA-owned companies such as SCI, AVEX 
and Solectron Also during the 1980s, indigenous companies such as Mimtec, Fullarton, 
Simclar and Turnkey captured an increasing share of the enclosure and general 
subcontracting services business (Turok, 1993)
However, in spite of the expansion of the suppliers base, there is no evidence of a 
significant increase in the proportion of material inputs sourced in Scotland Surveys of 
electronics companies carried out in 1984 (McCalman, 1988), 1986,1988, 1990 and 1991 
(Turok, 1993) all come up with a figure between 12 and 15 per cent, although the figure 
for computer companies was probably slightly higher -  the 1984 survey by McCalman 
showed that the eight computer assemblers in the sample of 30 electronics firms sourced 
21 per cent of their inputs (excluding purchases from parent organisations) in Scotland 
Apparently, rather than catching up, the growth of supplier companies in Scotland was 
almost in proportion to the growth in output of the customer companies located in 
Scotland A survey amongst 13 of the largest foreign electronics companies in Scotland 
(including all the major computer assemblers) carried out in 1991, showed that the 
highest levels of local sourcing were found in 'low-techr component categories such as 
keyboards, plastics, cables, metal, packaging and printed material The sample companies 
sourced only 18 per cent of their PCB requirements in Scotland and more sophisticated, 
higher value, components such as disk drives, monitors, power supplies, microprocessors, 
capacitors and resistors were almost completely imported (Turok, 1993)
Like in Ireland, many of the local linkages created in the 1980s ceased in the first half of 
the 1990s For example, Rodime went bankrupt in 1991 (Turok, 1993) Conner 
Peripherals and YE data closed Delta stopped the manufacture of power supplies 
Minebea/NMB did as well and concentrated on keyboard localisation Eeco closed its 
keyboard operations A small number of new supply companies invested in Scotland, 
notably USA based Jabil that set up a PCB assembly facility in 1993 In 1997, Lite-on 
invested in a monitor assembly plant to supply IBM but the company withdrew less than 
one year later, under pressure of the Asian financial crisis (James, 1998) The reduction 
in local linkages is reflected in the annual Scottish Enterprise survey (formerly earned
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out by the SDA) of the 16 largest foreign owned electronics companies (including all the 
main computer assemblers) As a proportion of total purchases (excluding electronic 
components, inter-company trading and services), local sourcing had come down from 27 
per cent in 1992 to 21 per cent in 1995 (Turok, 1997)
At the time this study started, in 1998, like Ireland, Scotland had a sizeable 
microcomputer hardware sector dominated by foreign MNEs (see Table 4 7) Six of the 
main global branded microcomputer makers, IBM, Compaq, Digital, Packard Bell-NEC, 
SUN and Apricot-Mitsubishi operated system assembly plants in Scotland while two 
compames, Fullarton Computers and Inventec were involved in system assembly on a 
subcontracting basis Compared to Ireland, to some extent the companies were 
manufacturing higher-end products Four companies were assembling low-end PC and 
server models only but four other companies were assembling higher-end servers, 
workstations, storage systems and larger fault tolerant computers as well Furthermore, 
four companies were assembling limited amounts of server boards on site A number of 
operations included a range of other functions The IBM and Digital sites both housed 
call centres for technical support and central order desks as well as system development 
groups while the Sun operations included the HQ for Europe Middle East and Africa The 
eight companies together employed just under 9,000 permanent staff (excluding the non­
system assembly activities of Fullarton) while at peak periods the head count could rise 
well above this figure (see section 4 5 3) According to the calculations of the SDA (now 
Scottish Enterprise), in 1997 Scotland produced almost 37 percent of the branded PCs 
sold in Europe, 68 percent of electronic notebooks, 60 percent of Europe’s workstations 
and 16 percent of its computer peripherals (Carding, 1997)
Local linkage creation had remained a prominent issue in the SDA strategy during the 
1990s "The mam challenges to be addressed are to strengthen the links between foreign 
owned companies and within sectors Such linkages are weak and the Scottish economy 
is fragmented as a result” (Scottish Enterprise 1994, quoted in Turok, 1997)
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Table 4 7 Activities of main microcomputer assemblers in Scotland, 1998
WRermanen(h f
W m E P E )tm
Com paq PC, server, w orkstation and fault tolerant com puter assem bly 
M otherboard assem bly for high-end server m odels
2,000
Digital 
(m erged with 
Com paq 1998)
High-end server, workstation, storage system and PC assem bly (PC 
assem bly stopped Q4 1998)
M otherboard assem bly for servers 
O rder fulfilm ent centre
Call centre (central order desk and order related technical support) 
D evelopm ent group for special systems ’CSS* (14 heads)
800
(down from 
1,300 before 
closure o f  PC 
plant Q4 
1998)
A pncot-
M itsubishi
PC and server assem bly for world markets 
M otherboard assem bly (stopped January 1999)
220
Sun HQ EM EA
W orkstation, high-end server, fault tolerant com puter and storage 
system  assem bly
750
IBM H igh-end PC, low-end and high-end server and workstation assem bly
M otherboard assem bly for servers
Technical support call centre and central order desk
European logistics centre
R& D group for servers and displays (165 heads)
4,000
Packard Be 11- 
NEC
PC assem bly 500(1999)
Inventec Low -end PC assem bly for Com paq 250
Fullarton Low -end PC assem bly for IBM 300 (assem bly 
only)
Source com pany interview and new spaper articles
4 5 The Microcomputer Industry as New High Volume Production
The generic characteristics of NHVP were described in Chapter 2, based on a detailed 
comparison of four text-book NHVP models JIT/TQM (Sayer, 1986), Lean Production/ 
Lean Supply (Lamming, 1993, Womack, Jones, and Roos, 1990), Mass Customisation 
(Pine, 1993), Time-Based-Competition (Stalk and Hout, 1990) The purpose of this 
section is to determine the extent to which the microcomputer industry matches the 
textbook picture of NHVP, thereby providing the necessary basis for analysing the 
geographical configuration of the supply network in Chapter 5 The mam characteristics 
of the value chain are discussed under the same headings as used in section 2 3 2 
customer relations and distribution, product development, the final assembly plant, 
corporate organisation and supplier relations
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Much of the information in this section is based on the answers, of nine responding focal 
companies, to the questions in the postal questionnaire that was specifically designed 
with the aim of establishing the relevance of NHVP concepts to the microcomputer 
hardware industry Most questions were posed using a Likert scale of one to seven, where 
one indicates a weak match with textbook NHVP while seven indicates a very strong 
match4 The use of the scale, provided 'semi-statistics’ which facilitate the qualitative 
analysis
Each sub-section starts with a table listing the relevant questions in the postal 
questionnaire and the average score for these questions The small number of questions 
that did not involve the Likert scale were not included in the tables below The original 
questionnaire was not numbered, but the questionnaire in Appendix B 3 and references in 
the text below have been numbered for the purpose of discussion For the same reason, 
the wording and the order of the questions in the text below have been slightly modified 
Finally, for space reasons, the results of a small number of questions are not discussed in 
the text The answers to questions 13 and 14 were ignored because they were 
misinterpreted by most respondents
Together the tables provide a broad overview of the relevance of the various elements of 
NHVP and deviations from the concepts are quickly identified The data are analysed and 
supplemented in the main text using information obtained during the face-to-face 
interviews The tables do not include figures for the number of respondents per question 
or measures of dispersion such as range or standard deviation Where range or deviation 
were important issues in the interpretation of the results this is indicated in the text
4 The only exception being Q59 Here a score between the two extrem es indicates a match with textbook 
NHVP
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4 51  Customer Relations and Distribution
Table 4 8 Average score for questions regarding customer relations and distribution
Q l Does the com pany offer a sm all or a wide variety o f  com puter systems'? 
(1 = a very limited variety 7 = an extensive variety )
6
Q2 To what extent are the products custom ised to individual custom ers7 
(1 = not at all 7 — 100 per cent)
6
Q3 How im portant is it to respond quickly to custom er dem and for changes with new or m odified 
products7 (1 = not at all im portant 7 = absolutely essential)
6
Q5 Prom inence o f  goal in distribution strategy m inim ise the order to delivery cycle time 
(1 = receives no particular attention 7 = Very im portant part o f  our strategy )
7
Q6 Prom inence o f  goal in distribution strategy m inim ise the distribution cycle time 
(1 = receives no particular attention 7 = Very im portant part o f  our strategy )
7
Q7 Prom inence o f  goal in distribution strategy m axim ise delivery reliability/ consistency 
(1 = receives no particular attention 7 = Very im portant part o f  our strategy )
7
Q8 How would you describe the level o f  integration between assem bler and the distribution channel7 
(1 = arm 's length relationship 7 -  strongly integrated value chain )
5
Q9 Intensity o f  inform ation sharing with the downstream  channel partners inform ation on current 
dem and for end-products (1 = no info Sharing 7 = Intensive info sharing )
6
Q10 Intensity o f  inform ation sharing with the downstream  channel partners inform ation on dem and 
forecasts (1 = no info Sharing 7 = Intensive info sharing )
6
Q ll Intensity o f  inform ation sharing with the downstream  channel partners inform ation on future 
product developm ent projects (1 -  no info sharing 7 = Intensive info sharing )
6
Q12 How intensive are your efforts to build a long-term relationship with your custom ers9 
(1 = no efforts 7 = central to our s tra teg y )
7
Q17 How would you describe the negotiations with the distribution channel7 Cut throat, strong 
partnership, or som ewhere in betw een7 (1 = cut throat 7 = strong partnership )
4
Q62 Is com petition in your industry based totally on product differentiation, totally on price 
com petition, or som ewhere in betw een7 (1 = price com petition 7 = product differentiation )
4
Source postal questionnaire, 1999
In line with the characteristics of NHVP approaches outlined in section 2 3 2 -  notably 
JIT/TQM (Sayer, 1986), Lean Production/ Lean Supply (Lamming, 1993, Womack et al , 
1990), Mass Customisation (Pine, 1993), Time-Based-Competition (Stalk and Hout, 
1990) -  all respondents to the postal questionnaire stressed that competition in the 
industry was based on both price and product differentiation (Q62) Companies generally 
offered a wide variety of computer systems (Ql), to a great extent customised for 
individual customers (Q2) The interviews showed that companies targeted a range of 
market segments, although some of the companies had a clear core capability Most 
companies served both the home and business segments The exceptions were Sun, AST- 
Samsung, Apricot-Mitsubishi and Digital5 The latter three companies had been 
producing for the home segment until 1998 but were forced out of this market in the 
period 1997-98 Within the main segments, companies served various sub-segments such
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as first-time buyer, enthusiast, small and medium scale enterprise, mid-range corporate, 
corporate, government, professional, educational, financial, desktop publishing, etc And 
within these sub-segments the companies generally offered a high range of pre-set 
configurations or customised solutions
Textbook NHVP approaches are characterised by much attention to the reduction of time 
and inventories in the delivery system (Hise, 1995) In line with this, minimisation of 
delivery cycle time (Q5) and distribution cycle time (Q6) as well as the maximisation of 
delivery reliability (Q7) figured as very important goals m the distribution strategies of 
all focal companies The focal companies worked towards very short order-lead times -  
the time lapsed between the customer placing an order and proof of delivery to the 
customer (either end-customer or distribution partner) Typically, the target order lead 
time was less than five days (some companies would actually guarantee delivery within 
five days), although the lead time would depend on the type of system, the type of 
customer and the type of contract (see Table 4 9) Thus, the high end systems typically 
involved higher order lead times, which partly explains the relatively high order lead time 
of Digital Order lead times were less relevant for large corporate accounts Here, orders 
could be very large and often involved a roll-out schedule where an agreed number of 
units were delivered in a sequence of dates In many cases these corporate customers 
were more interested in predictability of delivery to the day The distribution systems of 
the focal companies were flexibly organised to be able to satisfy both types of demand
The minimisation of the lead times was strongly facilitated by the operation of an 
assembly plant in each of the triad markets, thereby reducing the physical distance to the 
customers As will be discussed in section 4 5 4, this spatial configuration was largely 
driven by the desire to reduce delivery and distribution cycle time
Lead times and inventories were also minimised by reducing the number of legs in the 
outbound logistics structure Thus, in nearly all cases the assembly facility operated as a 
sole European Distribution Centre (EDC) from where products were shipped directly to 
the customer Sun was the only company that operated its mam EDC off site, in The
5 Intel produced a wide range o f  systems for the OEM  m arket
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Netherlands Most companies did work with one to three remote merge centres in central 
European locations where they would store monitors and other peripherals However, in 
most cases these centres were not used to store the actual systems The centres merely 
served as facilities to merge the peripherals with the systems that were on their way to the 
customer "The logic is that once it is on the move, it is on the move, it doesn't stop" 
(Interview Hennesey, Dell, October 1999) Even the outbound logistics system of Sun, 
involving an EDC in The Netherlands, was organised in a broadly similar way Compaq 
was the only company that structurally kept inventories of some computer systems in an 
additional off-site centre (Amsterdam) 6 However, even Compaq shipped part of its 
products from Scotland directly to the customer
Table 4 9 Target order lead times at the focal companies
Focal Company Target order lead times
Dell Between 2 -5  days
Gateway <5 days
Apple <5 days
Intel No data
AST-Samsung <4 days
IBM <5 days for all
Compaq <5 days most com mon, but depends on custom er
Digital <10 days for everything
Packard Bell-NEC <4 days
A pncot-M itsubishi <3 days for low-end and <5 days for servers
Sun M icrosystem s <5 days for low-end systems, <10 days for w ork-group servers and storage products, 
<25 days for high-end products
Source com pany interviews 1999
In effect the outbound logistics structures of the focal companies were leaner than the 
value added logistics models outlined in section 23 2 (eg  Van Hoek, 1996) The 
outbound logistics chain no longer involved in-channel inventories positioned in value 
added logistics facilities in the various markets while the inventories in the warehouses at 
the focal companies' production plants were minimised as well, as a result of the build-to- 
order strategy applied by the focal companies (see section 4 5 3)
6 O ther com panies notably Packard Bell-NEC and Sun stored finished com puter system s at off-site 
warehouses on an incidental basis, e g only when com puter system s were pre-built to satisfy a large 
contract
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The geographical configuration of assembly plants and the outbound logistics systems 
went a long way to reduce lead time and minimise inventories However, channel 
partners downstream in the distribution channel, 1 e value-added resellers, dealers and 
retailers, involved additional inventories and added to the distribution cycle time 
According to one source, in 1999 dealer channels could hold as much as 40 days of 
inventory (Lyons, 1999a) In line with the textbook NHVP approaches, focal companies 
worked towards the minimisation of inventory levels and lead time at these levels as well
One important strategy towards this end has been the elimination of layers in the 
distribution chain, particularly in the form of a 'direct sales' strategy Direct sales refers to 
all types of sales where the vendor is transferring a product directly to an end user 
without releasing it to a third party 7 The customer can either order remotely (via fax, 
phone, mail, e-mail or internet site), after a walk-in (direct-retail) or after a scheduled 
face-to-face meeting The opposite is indirect sales, where during the sales process to the 
end-user a third party (1 e a value-added reseller, a distributor, a dealer or a retailer) takes 
physical ownership of the product
During the 1990s, established computer makers lost market share to new arrivals such as 
Dell and Gateway, competing with a direct model, cutting out the added costs of 
middlemen in the distribution chain The order process involved less organisation and 
communication layers, allowing for a more streamlined order entry and an earlier 
visibility of orders Furthermore, the direct contact with the customers meant that these 
companies could forecast demand more accurately than competitors such as Compaq, 
who had had serious difficulties with this (The Irish Times, 23-04-99) All this allowed 
lower inventory levels and a reduction in time lost due to double handling
In the face of this new competition other computer makers were forced to adapt their 
distribution strategy and by 1999 nearly all focal companies were already selling part of 
their output directly to the end-customer and were planning to expand their direct sales
7 There has been som e confusion related to the word ’direct* in term inology w ithin the distribution industry 
but in this dissertation the definition o f  D ataquest will be used {Dataquest web site, www Dataquest/ 
channel htm , accessed 11-03-99)
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capability (see Table 4 10) Nearly all focal companies had a direct face-to-face sales 
force targeting the corporate and government market segments Furthermore, in the 
period 1997-99 Apple, Compaq, IBM and Packard Bell-NEC all implemented a 
phone/fax/intemet direct sales strategy, at least in the mam European markets8 (for 
Packard Bell-NEC see Black (1998), for Apple see Lyons (1998a), for Compaq see 
August (1998)) However, most of the new entrants to the direct sales market, retained 
the indirect channels since they still served a large section of the microcomputer market 
In 1999, Gateway, until then only selling direct, created an indirect channel by linking up 
with value-added resellers to complement its face-to-face sales force
Table 4 10 European distribution channels of the focal companies, 1999
Direct sales Indirect sales
phone/
fax
Internet Retail face-to-
face
value-added 
reseller/ dealer/ 
distributor
retail
Dell x X X
Gateway x X X X X
Apple X X X X X
Intel O EM  trade
AST-Sam sung X X w ithdrew  '97
IBM planned X X X
Compaq planned X X X X
Digital X X
Packard Bell-NEC X X X X X
A pncot-M itsubishi X X withdrew  ’98
Sun M icrosystem s X X X
Source com pany interviews, 1999
As regards the indirect channels, textbook NHVP approaches prescribe a strong 
integration of manufacturing facilities with the distribution channel (Pine, 1993, Stalk 
and Hout, 1990) In line with this the average score for the level of integration between 
the focal companies and their distribution partners was five, indicating a fairly strong 
level of integration (Q8) One strategy towards this end involved the reduction in the 
number of resellers and retailers with whom stronger relationships were forged For 
example, in 1999, IBM was in the process of reducing its number of business partners in 
Europe from 700 to 20 Similarly Compaq intended to focus on 10 to 20 partners in
8 A ST-Sam sung had been planning to crcate a direct phone/fax/intem et sales channel as well (Casey 
1997a) H ow ever these plans were taken over by events when A ST-Sam sung withdrew from the home 
com puter m arket
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Europe Apricot-Mitsubishi worked with six to eight resellers in Europe All respondents 
indicated an intensive sharing of information with their downstream channel partners on 
current demand for end-products (Q9), demand forecasts (Q10), and on future product 
development projects (Ql l )  Compaq was in the process of establishing a shared 
inventory system with its major distribution partners
4 5 2 Product Development
Table 4 11 Average score for questions regarding product development
Q18 How im portant are product innovations (e g new features, new  technologies, new products) to the 
success o f  your business (1 = not at all im portant 7 = crucial)
6
Q19 How im portant is it to respond quickly to custom er dem and for changes with new or modified 
products7 (1 = not im portant for the success o f  our business 7 = crucial for success)
6
Q20 Im portance o f  goal in the com pany’s R&D strategy m inim ise new  product developm ent/ 
introduction tim e 1 = receives no particular attention 7 = very im portant part o f  our strategy
5
Q21 Im portance o f  goal in the com pany’s R&D strategy m axim ise rate new product introduction 
1 = receives no particular attention 7 = very im portant part o f  our strategy
6
Q22 How im portant are increm ental innovations versus breakthrough innovations (e g new products, 
new technologies) to the success o f  your com pany7 1 = breakthrough 7 = incremental
2
Q23 In the product design process, what attention is paid to the m anufacturability o f  design7 
1 = limited attention 7 = central to design process
5
Q24 To what extent are product and process developm ent activities integrated7 1 = carried out 
sequentially and in separate team s 7 = sim ultaneously m one team 4 = in between
4
Q25 To what extent does the com pany use flexible technologies (e g CAD) in the developm ent 
process7
6
Source postal questionnaire, 1999
As will be discussed in section 4 5 5, microcomputers have developed many 
characteristics of, what Langlois and Robertson (1995) call, modular systems where 
many of the components are developed and produced by specialised suppliers As a 
result, in most focal companies new product development mainly involved the integration 
of industry-standard components, developed by suppliers The emphasis of R&D lay 
firmly on the 'D'-side However, all of the focal companies retained some in-house 
design capability, particularly in relation to motherboard, enclosure, and software design 
Furthermore, even the integration of out-sourced components could potentially involve a 
substantial amount of development resources and time New components could require 
new motherboard and software design and all components needed to be tested and 
certified Hence, many of the product development issues associated with NHVP, raised 
in section 2 3 2, proved relevant
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Textbook NHVP concepts all stress the importance of product innovations and quick 
response to changing customer desires (Pine, 1993, Stalk and Hout, 1990, Womack et a l , 
1990) In line with this, these issues were perceived to be almost crucial to the success of 
all focal companies (Q18 and Q19) Likewise, product development/introduction time 
and the rate of new product introduction were important aspects of the strategies of nearly 
all focal companies (Q20 and Q21) Most interviewees mentioned a median age of 
product offerings of three or six months (Q4) The only focal companies with a higher 
figure were Apricot (nine months) and Sun (15 months) At odds with the textbook 
NHVP concepts, breakthrough innovations were generally perceived more important for 
the success*of the company than incremental improvements (Q22) In line with the 
NHVP concepts there was a strong emphasis on process and business innovations in the 
microcomputer industry In fact, profitability in microcomputer manufacturing had 
become "a function of skills in low-cost, flexible high-volume assembly, rather than 
innovative capability in technology development" (Angel and Engstrom, 1995, p 81) and 
the competitive position of recent star companies such as Dell was largely a result of the 
successful implementation of process and business innovations
NHVP approaches prescribe that development resources from various functional areas 
are brought together in a team, preferably under one roof, in close proximity to the 
production plants (Pine, 1993, Womack et al ? 1990) In line with this, there was evidence 
of a strong integration of the development, production and sales/marketing functions in 
all focal companies System development was typically organised in teams that involved 
sales/marketing, supply management and production staff The mam corporate product
i
development functions were in most cases located near the mam production facilities (see 
Table 4 12) The exceptions were AST-Samsung and Apricot-Mitsubishi AST-Samsung 
carried out system development in California while its main production site was located 
in Texas Apricot-Mitsubishi manufactured its computers in Scotland and product 
development functions were based at HQ in Birmingham The main PC development 
functions of IBM were based near the main production plants in Raleigh but the company 
incorporated technology from multiple sites including some outside the USA However,
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the plan was to centralise PC technology development activities m Raleigh (Angel and 
Engstrom, 1995) Not all team members were resident at the development facilities for 
the entire duration of product development Production and sales/marketing staff 
remained principally part of their respective organisations and would meet the 
development team for short periods or pre-arranged meetings
In spite of this, the idea of simultaneous product and process development (Womack et 
a l , 1990) was not fully bom out (Q24) The average score for the level of integration of 
product and process development activities was four, indicating that, at least in a number 
of the focal companies, the two activities were partly organised independently of one 
another However, the production functions did have a substantial input in product *  ^
development, which substantially reduced the time to introduce new products 
Furthermore, the development teams typically did pay substantial attention to the 
manufacturability of design (Q23) -  an important element of textbook NHVP approaches 
(Handfield, 1993)
We have people down from here [the production plant] based in R&D, for things like design 
for m anufacturing and design for test So they would be m aking sure that our im provements 
are put into design [ ] We have objectives And a good exam ple o f  that is that several years 
ago it took us about sixty m inutes to assemble a PC and at the end it was five m inutes So we 
m anaged to get the build tim e right down (Interview Cam pbell, Apricot-M itsubishi, July 
1999)
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Table 4 12 Location of main development groups of focal companies, 1998-<99
HQ (typically including 
sales and marketing)
Main development 
locations8
Main production plants
Dell Roundrock, Austin Roundrock, Austin Roundrock, Austin (several 
sites)
Gateway N orth Sioux City (SD) for 
hom e systems 
Irvine (CA) for business 
system s (legacy o f  ALR 
acquisition)
San Diego (CA) for 
corporate HQ
North Sioux City (SD) for 
home systems 
Irvine (CA) for business 
system s (legacy o f  ALR 
acquisition)
North Sioux City (SD) for 
hom e systems 
Irvine (CA) for business 
system s (legacy o f  A LR 
acquisition)
Apple Cupertino (CA) Cupertino (CA) Sacram ento (CA)
Intel Santa Clara (CA) Portland (OR) Portland (OR) for early life 
production
Du Pont (W A) for volume 
production
AST-
Samsung
Irvine (CA) Irvine (CA) Fort W orth (TX)
IBM Raleigh (NC) Raleigh (NC) and Boca 
Raton (FL) for system 
developm ent sm aller server 
developm ent function m 
Greenock, Scotland
Com ponent developm ent in 
New York, Texas and 
Vermont, as well as outside 
the USA, including in Ireland 
and Scotland
Raleigh (NC)
Compaq Houston Houston
Frem ont (CA) for high end 
sever developm ent (legacy o f 
Tandem acquisition)
Houston
Frem ont (CA) for high end 
sever production (legacy o f 
Tandem  acquisition)
Digital M aynard (M A) M aynard (M A) 
M arlborough (M A)
Salem (M A)
Packard Bell- 
NEC
Sacram ento (CA) Sacram ento (CA)
Los Angeles 
(com pany planned to 
centralise developm ent in 
Sacram ento)
Sacram ento (CA)
Apricot-
M itsubishi
Birm ingham Birmingham G lenrothes, Scotland
Sun
M icrosystems
Palo Alto (CA) M enlo park (CA) (10 miles 
from Palo Alto)
Dublin for software 
developm ent
Palo Alto and Beverton (CA)
Source com pany interviews, 1999, For com ponent developm ent sites IBM  Angel and Engstrom  (1995) 
Note aDoes not include w orld-w ide localisation centres
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4 5 3 The Assembly Plant
Table 4 13 Average score for questions regarding the assembly operations
Q26 Character o f  assem bly process ( 1 =  fully standardised mass production 7 = one-of-a-kind 
production where each final product is different from the next )
6
Q28 Prom inence o f  goal in production strategy No or small buffer inventories 
(1 = receives no particular attention 7 = very im portant part o f  our strategy )
7
Q29 Prom inence o f  goal in production strategy Increase inventory turnover 
(1 = receives no particular attention 7 = very im portant part o f  our strategy )
7
Q30 Prom inence o f  goal in production strategy M inim ise the lot size
(1 = receives no particular attention 7 = very im portant part o f  our strategy )
5
Q31 Prom inence o f  goal in production strategy M inim ise set-up tim es
(1 = receives no particular attention 7 = very im portant part o f  our strategy )
6
Q32 Prom inence o f  goal in production strategy Bring down production cycle tim e (per m ajor phase o f 
main sequence) (1 = receives no particular attention 7 = very im portant part o f  our strategy )
7
Q33 Prom inence o f  goal in production strategy M axim ise value added as percentage o f  total elapsed 
tim e (1 = receives no particular attention 7 = very im portant part o f  our strategy )
6
Q34 A doption o f  m anagem ent philosophies in production strategy Total process efficiency 
(1 -  to no extent 7 = to a great extent )
6
Q35 A doption o f  m anagem ent philosophies in production strategy Elim ination o f  waste 
(1 = to no extent 7 = to a great extent )
6
Q36 Adoption o f  m anagem ent philosophies in production strategy TQM  
(1 = to no extent 7 = to a great extent )
7
Q37 Adoption o f  m anagem ent philosophies m production strategy Continuous process im provem ent 
(1 = to no extent 7 = to a great extent )
7
Q38 Adoption o f  m anagem ent philosophies in production strategy Flexible production {the ability to 
change quickly between products) (1 = to no extent 7 = to a great extent )
6
Q39 Adoption o f  m anagem ent philosophies in production strategy Integration o f  thinking and doing 
{workei involvement in defining and improving the process) (1 = to no extent 7 = to a great ext )
6
Q40 To what extent is flexible m achinery used in the assem bly process9 
(1 = not used 7 = used to a great extent )
3
Q41 To what extent do you em ploy com puter-aided production m anagem ent techniques in system 
assem bly9 (1 -  not at all 7 = used to a great extent )
6
Source postal questionnaire, 1999
The postal questionnaire and interviews provided ample evidence for the NHVP-related 
flexible processes, work practices and technologies and product engineering strategies 
outlined in section 2 3 2 -  addressing the challenge of combining product variety with 
production efficiency
General NHVP-related management philosophies such as total process efficiency, 
elimination of waste, total quality management, continuous process improvement 
involving everybody (kaizen), integration of thinking and doing and flexible production 
were to a great extent adopted in the production strategies of all focal companies (Q34- 
Q39) Likewise, related goals such as maximisation of value-added as a percentage of
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total elapsed time, reduction of buffer inventories, increase in inventory turnover, 
minimisation of lot size, minimisation of set-up times and reduction of the production 
cycle time figured prominently in the production strategies of all focal compames (Q28- 
Q33)
In fact, as prescribed by the NHVP approaches (Handfield, 1993, Pine, 1993, Stalk and 
Hout, 1990), the central principle of the JIT production philosophy, l e , only doing work 
when needed, in the necessary quantity at the necessary time, was often followed right to 
the front end of the production process Thus, most focal factories, except the Compaq 
and Apple plants, had implemented a build-to-order (BTO) strategy, combined with short 
order lead times, for all of their products Most companies did generally not build no 
systems to stock Instead, computer assembly activities were usually backed up by actual 
customer order receipt The strategy resulted in very low finished good inventory levels 
The two main exceptions to the BTO strategy were Compaq and Apple These two 
companies were still building part of their products to replenish specific stock levels, 
although both companies were making inroads into the BTO model with some of their 
products For example, Compaq built 30 per cent of its output to order and 70 per cent to 
stock, working towards a five-day inventory rule
The other compames would only build to stock in exceptional situations Thus, some 
companies would revert to building computers to stock in periods of extremely slack 
demand, so staff levels could be retained Equally, some companies would pre-build 
systems in anticipation of a forecasted large hike in demand (e g during Christmas) 
Apart from this, some companies occasionally chose to pre-build computers for large 
contracts, which would lead to certain stocks of finished goods However, although these 
systems were built ahead of delivery date, they were backed up by actual customer 
orders
The actual production processes were typically very flexible and efficient The 
production process typically involved an uninterrupted sequence of system assembly, 
software downloading, testing and packing This could be organised in a traditional line
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process, a cell process, or a hybrid process (part line, part cell), while some plants 
operated a mix of processes Only a small number of focal plants were still involved in 
(limited) component production activities, notably the assembly of a small number of 
printed circuit board models
Flexibility and efficiency were not really the outcome of the widespread use of flexible 
machinery The average score in response to the question regarding the use of flexible 
machinery (Q40) was three -  indicating a limited use In fact, the average score was 
increased by the high score of two companies still involved in printed circuit board (PSB) 
assembly (IBM and Compaq) The actual computer assembly process was largely a 
manual process, involving only hand-held power tools to screw the components Only the 
downloading of software and testing was carried out by flexibly programmed computers
Flexibility and efficiency was partly the result of a strong integration of the 
manufacturing process Production was strongly integrated by the use of computer-aided 
production management techniques, which the focal companies used to a great extent 
(Q41) In many cases the computer systems were automatically conveyed to the various 
stages of the manufacturing process The manufacturing processes were also strongly 
integrated with the various upstream and downstream functions The level of integration 
can be illustrated by the situation at Compaq and Gateway
C om paq’s Vertical integrated M anufacturing [is] a stream lined high-volum e m anufacturing 
process that dram atically increases production The U-shaped lines consolidate the entire 
m anufacturing process onto one integrated line, allowing real tim e custom isation, testing and 
quality checks The end result is lower cost product produced in a shorter period o f  time 
{Compaq web site, www Com paq com /new sroom /pr/1999, accessed 12-12-00)
Our [G atew ay’s] system does not allow for high volume autom ation tools There are no 
robotics involved The software installation process, is hardw ired into G atew ay’s IBM 
AS400 platform  allowing the pre-installation, test and verification processes to be entirely 
com puterised The fully integrated JBA system  handles everything from order entry and 
finance approval, through each stage o f  m anufacturing to dispatch The BOM  is checkcd in
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test and verification electronically, effectively an autom ated inventory check, and a signal is 
sent to end o f  line to assem ble the accessory boxes (Gallagher, 1999)
However, at the few plants that were still involved in PCB assembly, the PCB assembly 
process was not integrated with the actual computer assembly process The companies 
involved treated the PCB assembly activities as a separate operation PCB assembly 
operations produced not only for the on-site system assembly operations but also for 
other system assembly plants of the same company and, in one case, plants of other 
companies
Flexibility and efficiency were strongly facilitated by component modularization and 
product simplification -  in line with textbook NHVP (Pme, 1993) In fact, as will be 
discussed in section 4 5 5, the microcomputer had developed many characteristics of a 
modular system where the interfaces among components were standardised and publicly 
known (Baldwin and Clark, 1997, Langlois and Robertson, 1995) Because of this, 
specialised component suppliers could sell their industry standard components to a large 
number of microcomputer assemblers, as long as their technology maintained its ability 
to connect to the standard bus For their part, computer assemblers were able to share and 
swap industry standard components from various sources, enabling them to offer a high 
variety of configurations
The modularization strategy was applied to the proprietary technologies as well Most of 
the focal companies in this research competed by differentiating their products from their 
competitors, particularly on the basis of reliability/functionality and aesthetic design As 
regards reliability/functionality, most focal companies designed their own motherboards 
Companies typically restricted themselves to a limited number of industry standard form 
factors such as NLX and ATX, particularly for the lower-end systems 9 However, for 
every form factor, companies could have several variants each with its own functionality 
and level of upgradabihty As regards aesthetics, for the case design companies would 
again restrict themselves to the industry standard form factors However, the focal
158
companies could offer a variety of company specific enclosure styles, such as desktop, 
tower, mid-tower, mini-tower, micro-tower, etc. On top of that, companies could have a 
variety of interchange front bezels. The different motherboards would fit multiple 
enclosures, leading to a high product variety.
Companies had started to question the value of a high variety of external designs and 
nearly all focal companies had recently reduced the number of enclosures on offer or 
were planning to do so. Thus, in 1999 Dell and Packard-Bell and Mitsubishi worked with 
only four enclosure models (excluding portable computer enclosures) and Gateway was 
planning a similar number. However, the actual number of enclosure models partly 
depended on the business segments the companies were active in. Thus, companies 
competing in the high-end server market, such as IBM, DEC, Compaq and Sun, tended to 
work with a higher number of enclosure models. However, in these companies as well, 
there was a strong drive to bring the number of enclosures down. "That [reducing the 
number of enclosures] is something we are working furiously hard at. Our product 
offering has reached widespread proportions and is now becoming uncompetitive'1 
(Interview Aitken, Sun, 1999).
Component modularization and the largely manual character of the computer assembly 
process meant that set-up times were very short. In fact, the changeover from one 
computer configuration to another, or from one order to the next, required no new set-up 
and, consequently, no time was wasted. Operators simply read the system-specific 
assembly docket that travelled with the system and assembled the required component(s) 
that either travelled with an individual computer or were constantly available to the 
operator. Similarly the software downloading process required no order specific set-up. 
Factory-installed servers automatically identified the individual systems, downloaded the 
order specific software and carried out the required tests.
9 The form factors o f  the m otherboard describes its general shape, w hat sorts o f  cases and power supplies it 
can use, and its physical organisation.
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Thus, the production process was broadly similar for a wide range of products and orders 
The main difference concerned the production cycle time In line with the textbook 
NHVP concepts, production cycle times of most models had been reduced to very low 
levels The actual assembly of desktop models typically took less than 10 minutes and the 
complete process including software downloading, testing and packaging took less than 
one hour However, very high-end severs, produced by only a few of the focal 
companies, could take up to eight hours to assemble and a further two days to test 
Therefore, these high-end systems were typically assembled in different cells/lines
The assembly process approached a 'one-of-a-kmd' production process (as opposed to a 
fully standardised mass production process) (Q26) The textbook NHVP idea of batch- 
sizes of one (Pine, 1993, Sayer, 1986, Stalk and Hout, 1990) had basically become a 
reality in the focal plants Interviewees were generally unable to estimate the average 
batch size (Q27) The batch size would vary a lot, depending on the order loaded One 
day a plant could put through a small number of large batches while the next day it could 
be producing a multitude of very small batches Furthermore, some plants reserved 
separate lines for the continuous production of high running configuration However, all 
interviewees indicated that the manufacturing systems were capable of dealing with batch 
sizes of one, and in the majority of cases the entire production system was designed 
toward this end
Clearly the manufacturing processes of the focal companies contained many elements of 
a textbook JIT manufacturing process However, there was one important difference, 
which was largely a consequence of the market conditions faced by the microcomputer 
companies The market for microcomputers was characterised by strongly fluctuating and 
unpredictable demand In such an environment a BTO strategy in combination with very 
short lead times resulted in strongly fluctuating and unpredictable demand from final 
assembly on upstream functions As discussed in Chapter 2, a textbook JIT 
manufacturing system can not deal with highly irregular and unpredictable pulls from 
final assembly since it would lead to inefficient use of labour and machinery upstream 
(Sayer, 1986)
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In the factories of the focal companies this problem was partly solved by a reduction of 
the number of separate phases in the production process Production typically involved a 
very short uninterrupted sequence of activities with no in-process buffers In a sense, 
within the boundaries of the plant there were almost no up-stream activities The first 
upstream activity to be encountered was component production and that virtually all took 
place outside the boundaries of the plant, at the component suppliers
However, the fluctuating demands on manufacturing still had the potential to cause 
regular periods of zero productivity of workers In order to maintain flexibility and 
efficiency all focal companies relied strongly on the use of flexible labour, particularly 
numerically All companies made extensive use of temporary labour, overtime and other 
flexible roster arrangements Temporary workers typically accounted for 20 to 30 per 
cent of the work force at peak periods (see Table 4 14) In the actual manufacturing 
operations the share of temporary workers could be substantially higher -  50 per cent in 
the case of Packard Bell-NEC Two of the focal companies, Dell and Gateway, made 
relatively limited use of temporary labour According to a communique of Dell, the 
reason for this was that a permanent work-force is more productive than having large 
numbers of temporary workers (Mulqueen, 1999a) However, part of the explanation 
might have been the tight Irish labour market At the time, the two companies were 
constantly short of labour (Mulqueen, 1999b) and fixed contracts might have been the 
only way to attract the required number of workers Up until 1999 Dell had always used 
large amounts of temporary workers (accounting for up to 50 per cent of its labour force) 
and, at the end of 1999, Dell was again heavily advertising temporary positions for the 
peak Christmas season (Beesley, 1999, Mulqueen, 1999b)
Numerical labour flexibility was by far the most important strategy for addressing the 
problem of fluctuating demands Table 4 15 shows that on a scale from one (not 
important) to seven (very important) numerical flexibility scored seven Other NHVP- 
related strategies for addressing the problem of fluctuating demands, such as the short­
term adjustment of marketing (Womack et a l , 1990) and multi-locational capacity
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management (Lamming, 1993) were far less important Furthermore, where used, 
marketing was really more applied as a strategy to overcome problems with component 
supply rather than as a strategy for relieving the pressure on the in-house production 
operations In line with textbook NHVP approaches, the employment of subcontractors, 
and production-to-stock were seldom used as strategies for addressing the problem of 
fluctuating demands
Table 4 14 Temporary workers as a percentage of total workforce at peak period
Focal Company Percentage temporary workers at peak period
Dell 2 5
Gateway 5
Apple 30
Intel No data
AST-Sam sung 29
IBM 40
Compaq 30
Digital 33
Packard Bell-NEC 25
A pricot-M itsubish i 20
Sun M icrosystem s 18
Source com pany interviews 1999
Table 4 1 5  Importance of various strategies for addressing the problem of fluctuating 
demands
Strategy Average score (I = not important 7 = very important)
Numerical flexibility 1
Subcontracting 3
M ulti-locational capacity m anagem ent 4
Adjust m arketing 3
M anufacture to stock 2
Source com pany interviews 1999
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Table 4 16 Average score for questions regarding corporate organisation and subsidiary 
roles _____
4 5 4 Corporate Organisation and Subsidiary Roles
Q57 To what extent does the com pany differentiate its products for specific geographical markets (e g 
North A m erica - Europe - A sia)7 (1 = to no extent (global products) 7 = to a great e x te n t)
3
Q58 To what extent is this facility involved in the developm ent o f  geographical m arket specific 
products9 (1 = no involvem ent 7 = system s sold by this subsidiary are developed locally )
3
Q59 C haracter o f  the organisational structure o f  your com pany (1 = strongly hierarchical 7 = strongly 
networked (flat organisational s tru c tu re )
5
Source postal questionnaire, 1999
As outlined in section 2 3 2 the NHVP system of multiregional production involves the 
creation of a 'top-to-bottom' -  paper concept to finished product -  integrated production 
system, incorporating R&D, production and marketing capability, in all the major world 
markets (Womack et a l , 1990) The ideal-type post-national company will develop a set 
of products unique to each major region These products will be produced within the 
individual regions to serve the volume segments in each region and they will be exported 
to other regions to fill market niches Finally, the corporate organisation is characterised 
by a combination of decentralisation and centralisation to avail of economies of scale and 
savings through standardisation in development/production as well as savings through 
consolidated purchases The corporate organisation of the focal companies had many of 
these characteristics, although important elements were not fully born out
Thus, as discussed in section 4 3, nearly all companies had at least one assembly and test 
facility in each of the triad regions (Ohmae, 1985) North-America, Europe and 
East/South-East Asia (see Figure 4 1) Exceptions were Sun and Apncot-Mitsubishi 
There had been some recent investment in the emerging South-American market and two 
companies had established software configuration facilities in Australia Apart from 
manufacturing, the regional operations typically included substantial sales and marketing, 
service and regional headquarter functions, although not always located in the same 
location (see Table 4 17 as well as Tables 4 5 and 4 7)
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Figure 4.1. Location of microcomputer assembly plants of focal companies world-wide -1998
Source: company interviews
Table 4 17 Location of European operations of focal companies, 1998
L ocation  o f  system  
assem bly  p lan ts
H Q  E u ro p ean  o p era tio n s  
(sea t o f  m ost sen io r executive 
E u ro p ean  o p era tio n s)
H Q  Sales a n d  M a rk e tin g
Dell Lim erick, Ireland Bracknell, England Bracknell, England and 
Bray Ireland (for hom e and 
sm all business division)
Gateway Dublin, Ireland Split between Dublin, Ireland 
and Uxbridge, England
U xbridge, England
Apple Cork, Ireland Cork, Ireland P ans
Intel Leixlip, Ireland No data N o data
AST-Sam sung Limerick, Ireland London London
IBM Greenock, Scotland Paris Paris
Compaq Erskine, Scotland M unich M unich
Digital A yr Scotland Geneva G eneva
Packard Bell- 
NEC
Livingston, Scotland W ijchen, The N etherlands Paris
Apricot-
Mitsubishi
G lenrothes, Scotland Birmingham, England Birm ingham , England
Sun
M icrosystem s
Linlithgow, Scotland Linlithgow, Scotland London
Source com pany interviews, 1999
One of the main deviations from the system of multiregional production and the post­
national company was the lack of substantial local-for-local R&D groups in the European 
operations, a reflection of the fact that companies were offering basically global products 
(Q57 and Q58) Rather than developing products unique to each major region and 
exporting these to other regions to satisfy niche markets, the level of differentiation for 
specific geographical markets was low in all companies Typically, the actual computer -  
the box in its various possible configurations -  was the same for all markets, apart from, 
in some cases, country specific communication hardware The differentiation or 
localisation came with the loading of the software (language), the keyboard (language), 
the documentation (language) and country specific cables
The regionally specific product development requirements were therefore relatively small 
and most focal companies had concentrated their microcomputer development facilities 
in the home country Apart from UK based Apricot-Mitsubishi, which had its world-wide 
headquarters and development facilities in Birmingham, England, only two other focal 
companies had a genuine microcomputer development operation in Europe IBM had a
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significant development organisation at its mam manufacturing site in Scotland, 
responsible for the development of the 5000 server model, server boards, as well as 
several visual products However, the products were developed for IBM’s entire global 
personal systems group, rather than for the European market per se, and the R&D 
function was part of IBM's R&D division headquartered in the USA, rather than part of 
an integrated European operation Likewise, Digital had a small design group of 10 
engineers in Scotland involved in the design of single-board embedded servers for niche 
world markets
Apart from this, most companies, notably Dell, IBM, Compaq, Digital and Packard Bell- 
NEC, had a separate group in the European operations, carrying names such as Customer < 
Special Systems or Special Bids These groups, involving a mixture of development 
engineers and sales and marketing staff, were involved in the configuration of special 
systems for large corporate accounts If a customer required something different from the 
standard product configurations, 1 e extra hardware or the downloading of their own 
software requirements, one of the responsibilities of these groups would be to liase with 
the customer and make sure that the systems were properly configured and ready for 
installation However, the activities generally did not involve genuine product 
development Typically, the engineers would take a corporate standard product and work 
with qualified components to take it to another level of configuration for specific 
customers
Apncot-Mitsubishi aside, Dell was the only focal company in this research that was in 
the process of creating a separate group with local-for-local component expertise This 
European Products Group grew out of the software localisation group (see below) The 
group included a small team of engineers, mentored by the design group in the USA, with 
expertise in Europe-specific communication hardware as well as regulatory and 
environmental compliance As regards communication hardware the group identified 
European suppliers, brought products through a business justification process and carried 
out the necessaiy qualifications
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Regarding software development, nearly all focal companies had, what was generally 
referred to as, a localisation group, located at the European manufacturing facilities The 
precise remit of the localisation group varied from company to company One of the 
responsibilities of these groups involved the organisation of the development or supply of 
language-specific components that differentiated the product for the various geographical 
markets, 1 e mainly firmware, keyboard, power cable and printed/electronic 
documentation However, the actual software development content of their activities was 
limited Typically, this mainly involved the management of local subcontractors that 
carried out the localisation on behalf of the focal companies Electronic documentation 
was typically developed in the English language The localisation group received this US 
golden master, sent it to local translation houses, and subsequently outsourced the 
reproduction of CDs/printed media and in some cases the kitting of the accessory boxes, 
to local subcontractors Actual product-software development was limited to the 
translation of firmware and its integration into the operating system
Another, larger, responsibility of the localisation group involved process development 
the development of software for the European manufacturing operations The high- 
volume production and test of language specific computers and the production of special 
offerings for corporate accounts, in some cases incorporating a certain amount of 
geography-specific components, requires the creation of a large amount of process 
software One of the mam activities of the localisation group involved the continuous 
creation of scripts to support the downloading of operating systems, firmware, 
applications and new hardware drivers (mostly for the non English language) as well as 
the testing of systems in a NHVP environment
Apple and Digital were the only two companies that carried out a (limited) amount of 
fundamental operating system and application software development and testing in 
Europe Apple housed an operating system development group at its manufacturing 
facility in Cork, while Digital used a facility in Galway, Ireland However, 
organisationally, the development teams involved were part of, and reported back to, the 
design group in the USA These development teams were not part of an integrated
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European production system as envisaged by Womack et al (1990) -  their location was
purely driven by the desire to use the local pool of skilled labour near an existing 
10premises
Finally, the limited amount of local-for-local R&D does not mean that the European 
operations played no role in the corporate product and process development process 
Apart from the above mentioned engineers involved in corporate development activities, 
the regional manufacturing, development and marketing operations included a substantial 
number of employees with technical skills and the organisation of the corporate 
development process typically involved a substantial amount of communication between 
these employees and the corporate design groups, partly to facilitate an input from the 
regions Component managers and development engineers as well as marketing staff with 
technical skills evaluated and discussed parts and system design with the development 
groups in the USA during formal design and project reviews Similarly, local programme 
managers and production engineers, particularly the members of new product 
introduction teams, were in regular discussion with the prime development sites, mainly 
to facilitate a smooth introduction of a new product to the European operations but also to 
discuss issues like manufacturability of design and process design in general
In line with the textbook NHVP concepts, the organisation structure of the focal 
companies was characterised by a combination of centralisation and decentralisation 
Interviewees were asked to rate the level of autonomy in relation to various elements of 
the European operations The results are presented in Table 4 18
T able 4 18 A utonom y levels Euro lean  operations
Average score (1= no involvement 7 = full autonomy)
Product portfolio/ product strategy 3
Production process/ m anufacturing system 5
Sales and m arketing 6
Product pricing 5
Further investm ents 4
Purchasing / supplier selection 3
Source com pany interviews 1999
10 Digital's operating system  developm ent team was located in its G alway facility that becam e available 
after closure o f  the m icro-com puter m anufacturing facility at the end o f  the 1980s
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Not surprisingly, given the earlier comments regarding product differentiation for 
different geographical markets, decision making regarding product portfolio/ product 
strategy and purchasing/ supplier selection were most centralised, although European 
operations were involved The product portfolio, i e the basic product road map, was 
devised in the USA with some input from the regions Thus, marketing groups and 
development/production engineers from the European and Asian operation were involved 
in regular communication with the product strategy groups in the USA to advise on 
developments m and requirements for the regions Furthermore, although the basic 
product road map was devised in the USA, the European operations typically had some 
discretion as to which parts of the corporate product range they were going to offer and 
manufacture in Europe
Partly related to this, purchasing and supplier selection was strongly centralised as well, 
although again, with some involvement from the regions A large part of supplier 
selection was driven by product development decisions that determined the component 
technology and, in many cases the supplier As described above, product development 
was typically strongly centralised in the USA, although the regional marketing groups 
and development/production engineers were consulted and could influence the 
technology road-map to a limited extent
However, even in those cases where product development did not immediately determine 
the actual component supplier, the actual supplier selection process was strongly 
centralised In order to reduce the number of suppliers and gam purchasing leverage, 
companies were increasingly looking for global suppliers For this purpose, all companies 
had created global procurement groups or commodity councils, responsible for the 
selection of suppliers and creating world-wide partnership deals for strategic or core 
components Apncot-Mitsubishi aside, to facilitate communication, these corporate 
purchasing groups were based near the prime development sites in the USA The 
European operations did have some involvement and influence Regional procurement or 
commodity groups were in regular communication with the global procurement groups
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or, in the case of Compaq, Digital and IBM, had representation on the various global 
commodity councils This allowed regional representatives to discuss the performance of 
current suppliers and to some extent, influence the selection of new ones European 
representatives could even propose new suppliers to be included in the approved-vendor- 
list, although this did not generally involve strategic components
The European operations typically had full autonomy regarding the selection of suppliers 
for non-strategic parts such as packaging, documentation, power cords and, in some 
cases, enclosures However, even these suppliers had to go through a standard approval 
process to be incorporated in the approved-vendor-list
European operations had a slightly higher involvement in decisions regarding further 
investment, but investment remained a corporate function Typically, European 
management was expected to identify opportunities, justify investments through a 
business plan and make proposals to the executive committee However, the plans had to 
be centrally ratified Furthermore, to an extent, capacity investments were driven by the 
corporate sales target
Companies generally had a higher level of autonomy regarding decisions on the 
production process The regional operations were strongly autonomous in decisions 
regarding plant lay-out, process flow and the extent of sub-contracting Plants were free 
to test different systems However, decisions were often based on a consensus reached 
with the global engineering group and large investment decisions had to be approved 
centrally Typically, the actual manufacturing system software, e g SAP, was the same 
across the regions Similarly, decisions on test times were taken centrally by the 
engineering groups in he USA
Autonomy was highest in the areas of sales and marketing and product pricing 
Marketing campaigns and, to some extent, the choice of distribution partners were the 
responsibility of the European sales and marketing groups Furthermore, the regions
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generally had a high degree of freedom in product pricing although, in some companies it 
had become tied in to global pricing
Finally, partly related to the lack of substantial local-for-local development groups, the 
high level of integration of the different elements of the regional production systems was 
not fully born out, or at least differed in character from that envisaged by Womack et al 
(1990) Although all companies had a regional production function, a sales/marketmg 
function and, to a limited extent, a development function, the main lines of 
communication between the various functions ran primarily via the corporate 
headquarters in the USA
Thus, the regional sales and marketing functions typically discussed information on sales 
forecasts, market acceptance and product definition requirements directly with the 
corporate development and planning groups in the USA, rather than with the regional 
production and development functions Direct communication with the regional 
manufacturing and development operation was typically restricted to the execution of 
new product launches The limited level of integration obviously lessened the need for
i
co-location of the manufacturing and sales/marketmg functions of the European 
operations and probably partly explains the geographical configuration identified in Table 
4 17 The strongest integration was found in the earlier mentioned Special Bids groups, 
involved in the configuration of special systems for large corporate accounts 
Manufacturing and ’development' staff were in regular contact with the sales and 
marketing staff, and even the end-customer, to discuss company specific requirements 
However, discussions mainly concerned issues regarding fulfilment and service, rather 
than actual product development As regards the integration between the regional 
manufacturing and development functions, the localisation groups were strongly 
integrated with the production function However, the main activities of these groups 
involved production process support, rather than product development The regional 
operating system development groups of Digital and Apple, and Dell's European Product 
Group, were feeding directly into the corporate development groups, rather than being 
part of an integrated regional production system
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The degree and character of integration was partly reflected in the reasons for having a 
regional assembly operation m each of the three global markets The NHVP textbooks 
propose several reasons for establishing a 'top-to-bottom' presence in each triad market 
(see section 2 3 2) The focal companies were asked to rate the importance of these 
factors in driving the investment in an actual assembly operation (see Table 4 19) The 
outbound logistics related factors, l e ’holding down the delivery time/ distribution cycle 
time' and 'holding down transport costs’, proved most important According to a Dell 
functionary, high shipping costs basically ruled out the importation of computer systems 
from South-East Asia to Europe (Mulqueen, 2000) Trade barriers had been important for 
a number of longer established companies at the time of the initial investment decision 
but had virtually disappeared and no longer played a significant role Similarly, exchange 
rate issues played a very modest role
Table 4 19 Reasons for having an assembly operation in Europe
Average score 
(l~ not important 7 = very important)
Hold down the delivery tim e/ distribution cycle time 6
Hold down transport costs 5
Overcom e (potential) trade barriers 4
Exchange rate issues 2
'Being in touch’ with the needs o f  the European market 5
Source com pany interviews 1999
The category ’being-in-touch with the needs of the European market aimed to address the 
idea that the regional assembly facilities needed to be in Europe to communicate the 
regional product design needs with the regional design and marketing groups (Womack et 
a l , 1990) The average score of five suggests that the factor played a reasonably 
important role However, the associated discussions revealed that the question was 
misinterpreted and failed to measure the factor under consideration The score did not 
really pertain to the communication of product development issues It was considered 
important to be in touch with the needs of the European market However, "having an 
assembly operation in a certain country doesn't bring you that” (Interview Clarke, Dell, 
Oct 1999) "It is important to understand the different cabling and power requirements, 
but it is not essential to have a factory here [for the reason of being in touch with the
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needs of the European market]" (Interview Aitken, Sun, Aug 1999) The score of five 
partly expressed the role of the assembly facility in 'developing’ and producing Special 
Bids for corporate customers Engineers of the Special Bids group visited corporate 
customers and the assembly facilities were sometimes used to host customers Therefore, 
having an assembly facility located in the same time zone as the customers was a plus 
However, the score of five mainly pertained to production and logistics related efficiency 
issues Thus, during the interviews, five interviewees highlighted the problems involved 
in trying to fulfill language-specific or customized products from an assembly facility 
located outside Europe
4 5 5 Supplier Relations
Table 4 20 Average score for questions regarding supplier relations
Q42 Level o f  integration o f  the com pany with its suppliers9 Arm 's length, strongly integrated or 
som ewhere in betw een9 (1 = arm's length relationship 7 = strongly integrated )
6
Q43 In those cases w here the com pany integrates suppliers’ new com ponent technology to what extent 
are the developm ent systems o f  both com panies integrated9 (1 = not at all 7 = strongly integrated 
systems (e g cross-organisational team s )
5
Q44 Prom inence o f  goal m your sourcing strategy m inim ise inventories o f  parts/ increase frequency 
o f  deliveries (1 = receives no particular attention 7 = very im portant part o f  our strategy )
7
Q45 Prom inence o f  goal in your sourcing strategy reduce inventories at suppliers 
(1 = receives no particular attention 7 = very im portant part o f  our strategy )
6
Q46 Prom inence o f  goal in your sourcing strategy m inim ise chain cycle time 
(1 = receives no particular attention 7 = very im portant part o f  our strategy )
7
Q47 Prom inence o f  goal in your sourcing stiategy continuos im provem ent o f  supplier perform ance 
(1 = receives no particular attention 7 = very im portant part o f  our strategy )
7
Q48 Relevance o f  statem ent "There is a jo in t approach to total quality” (e g interaction and mutual 
agreem ents on quality targets) (1 = o f  no relevance 7 = very relevant )
6
Q49 Relevance o f  statem ent "There is transparency and open discussion o f  costs and a rational 
fram ew ork for determ ining costs, price and profits ” (1 = o f  no relevance 7 = very re le v an t)
6
Q50 Inform ation sharing with main suppliers inventory data
(1 = no inform ation sharing 7 = intensive inform ation sharing )
6
Q51 Inform ation sharing with mam suppliers current dem and for end-products 
(1 = no inform ation sharing 7 = intensive inform ation sharing )
7
Q52 Inform ation sharing with main suppliers dem and forecasts 
(1 = no inform ation sharing 7 = intensive inform ation sharing )
7
Q53 Inform ation sharing with main suppliers future product developm ent projects 
(1 = no inform ation sharing 7 = intensive inform ation sharing )
6
Q54 Does your com pany make efforts to sm ooth production for its suppliers (lim it the percentage 
change in the size o f  successive orders)9 (1 = no effort 7 = intensive e f fo r t)
3
Q55 Com pany's policy with respect to supplier developm ent/assistance
(1 = no assistance at all 7 = we have a structural program m e for assisting suppliers )
5
Q56 To what extent do you consider yourself the organiser o f  a production chain9 
1 = to no extent 4 = to som e extent (only involving a num ber o f  products) 7 = to a great e x te n t)
6
Source postal questionnaire, 1999
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In line with the textbook NHVP approaches, the supply chains of the focal companies 
were characterised by a combination of vertical ownership disintegration and vertical co­
ordination integration The early microcomputer industry had been characterised by a 
fairly high level of vertical ownership integration and most computer makers were 
manufacturing their own proprietary component technologies (Langlois and Robertson,
1995) For example, in the early 1980s Apple, IBM and Digital manufactured most of its 
required components in-house, including motherboards, monitors and keyboards 
However, during the 1980s and 1990s nearly all focal companies had outsourced most 
component production The main exceptions were IBM and Intel At the time the first 
interviews were conducted IBM was still strongly involved in the manufacture of, inter 
aha, hard disk drives, semiconductors, displays and, to a lesser extent, motherboards for 
servers Intel, of course, remained strongly involved in the production of 
microprocessors, other semiconductors and motherboards The only other companies 
with in-house component production were Digital, Compaq and Apricot-Mitsubishi At 
the time the first interviews were conducted, all three companies manufactured some of 
their server boards in-house 11 However, both Compaq and Apricot-Mitsubishi had 
already outsourced most of their board requirements and by the time of the second 
interview, in 1999, neither company produced boards in-house
At the same time, the supply chains of the focal companies were not regulated merely by 
market forces but, instead, were characterised by a substantial degree of co-ordination 
integration In the postal questionnaire the companies were asked to rate the level of 
integration with the suppliers on a scale from one (arm’s length) to seven (strongly 
integrated) The average score of six indicates a high degree of co-ordination integration 
(Q42) All respondents considered themselves as organisers of a production chain (Q56) 
Co-ordination integration concerned both the organisation of inbound logistics and, to 
some extent, the organisation of product/process development and ongoing technology 
issues
11 At the tim e the first interviews were conducted Digital also still produced som e o f  its own Alpha 
processors m the USA However, the com pany was in the process o f  outsourcing the production to Intel 
and one o f  its plants had already been sold (Oliver, 1999)
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As regards logistics, many of the textbook JIT manufacturing principles also figured in 
the organisation of inbound logistics All focal companies were constantly sharing 
information with their suppliers regarding inventory data, current demand for end- 
products and demand forecasts (Q51-Q52) Goals such as the minimisation of component 
inventory, increasing the frequency of deliveries, minimisation of chain cycle time and 
continuous improvement of supplier performance figured prominently in the sourcing 
strategies of the focal companies (Q44-Q47) In fact, Apple had been one of the first 
American electronics firms to adopt a JIT supply philosophy (International Business 
Week, 14-05-84)
There was one important divergence from the textbook JIT supply system as outlined by 
Sayer (1986) As discussed in the previous section, the demand on the assembly lines of 
the focal companies was erratic and unpredictable and the focal companies made little 
attempt to smooth the demand on the production facilities of their suppliers (Q54) 
"Really the answer to the question [how do you try to smooth production for your 
suppliers'?] is no, because we are very much demand based We don't deliberately try to 
smooth it We are driving our suppliers nuts We are trying to forecast but the mix 
does not come in as you expect i t " (Interview Allen, Dell, Oct 1999) As explained in 
section 2 3 2, textbook JIT supply systems, characterised by a virtual elimination of 
inventories, cannot deal with a highly irregular and unpredictable sequence of pulls from 
the customers since this would lead to inefficient use of labour and machinery upstream, 
at the suppliers (Sayer, 1986) The next chapter will show what this meant for the 
inbound logistics pipelines of the focal companies
The textbook ideas regarding the co-ordination of product and process development were 
born out to some extent In line with the textbook Japanese Partnership and Lean Supply 
models (Lamming, 1993) outlined in section 2 3 2, most microcomputer makers had not 
only outsourced the majority of component production activities, but also the design of 
many components In line with the Lean Supply model, many microcomputer makers had 
given up control over parts that in the traditional Mass Production system would have
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been presumed to be the natural preserve of the assembler, notably microprocessors and 
operating systems However, in a sense, the process of component outsourcing had 
progressed one level further In fact, on the issue of product and process development, in 
relation to some components the network started to take on some characteristics of a 
decentralised network, rather than a core network (see section 2 3 2)
Langlois and Robertson (1995) argue that the industrial organisation in the 
microcomputer industry comes near to what they call a modular system One of the main 
characteristics of a modular system is that the rules of compatibility of individual 
components are standardised for the industry and publicly known, rather than laid down 
by individual lead assemblers As a result component innovation can proceed in an 
autonomous fashion In the microcomputer industry one of those standard interfaces 
concerns the modular bus architecture12 According to Langlois and Robertson (1995) 
and Angel and Engstrom (1995) the standardisation of the bus since the mid-1980s 
reduced the need for co-ordinated technology development at the system level 
Component development could proceed in autonomous fashion as long as the suppliers 
made sure that their components maintained the ability to connect to the standard bus
Although their ideas were partly supported by the findings of the present study, the 
situation was not as extreme The focal companies gave evidence of substantial technical 
co-ordination with their suppliers The situation depended very much on the particular 
component concerned Furthermore, the fact that the focal companies were no longer 
leading the innovation process in relation to some components did not necessarily mean 
that there was no co-ordination
Thus, apart from the fact that companies like IBM and Intel were still heavily involved in 
the in-house production of component technology, nearly all companies were still the co­
ordinators of the development of some components, notably motherboards, enclosures 
and in the case of some focal companies, power supplies and interconnect material As
12 A bus is a collection o f  w ires through which data is transm itted from one part o f  a com puter to another 
The internal bus connects all the internal com puter com ponents to the central processing unit and main 
m em ory The expansion bus enables expansion boards to access the central processing unit and m em ory
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regards the motherboards, although many companies used OEM-designed solutions for 
some low-end models, all focal companies retained a strong m-house development 
function for the design of higher-end motherboard models In the case of Intel based 
systems the design of the motherboards was to some extent controlled -  the bus would be 
industry standard However, most focal companies were trying to differentiate their 
systems in terms of functionality and reliability, which meant that most companies had 
features on their motherboards that were different from the other companies Likewise, 
all companies retained a strong in-house development capability for the design of 
enclosures Although the chassis dimensions of some of the models were industry 
standards, all companies differentiated their products from those of their competitors by 
designing their own enclosure styles and bezels
The design of these components typically involved a substantial amount of technological 
co-ordination and information exchange As regards the boards, typically the engineers of 
the focal companies would carry out the electrical and physical (lay-out of the 
components) design using CAD tools while the subcontractors would be responsible for 
prototype production As regards the enclosures, typically the focal companies would be 
responsible for the industrial design drawings while the subcontractor would be 
responsible for the production of the tools and dies The development processes involved 
a substantial amount of communication between the partners involved, from the stage of 
conception to final test “Obviously we have to design to match their [the suppliers’] 
processes And they can suggest efficiencies as well They can say, if you change this 
and that it is going to be easier for our tool-makers” (Interview Higgy, IBM, July 1999) 
The process of tool-making for enclosures as outlined by one of the interviewees was a 
prime example of development activity taking place synchronously at suppliers and 
customers (Interview Higgy, IBM, July 1999)
As regards the majority of components where the innovation process was no longer led 
by the computer assembler, the development process still involved co-ordination 
integration In the postal questionnaire the respondents were asked to rate the extent to 
which their development systems were integrated with those of suppliers that delivered
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their own component technology (Q43) The average score of five indicates a fairly high 
level of integration
The interviews showed that the product development teams of all focal companies had a 
strong interface with the development teams of Intel Although Intel developed its 
microprocessors in a largely autonomous process, the company supplied early prototypes 
to the focal companies, which allowed these companies to do system development work 
The systems were heavily tested m both organisations The focal companies received 
assistance in the design of their products while Intel was able to resolve potential bugs 
before its processors went to the market Another reason for co-ordination concerned the 
customisation of otherwise industry standard components For example, some of the hard 
disk manufacturers carried out some company specific final configuration and sub- 
assembly activities for the focal companies and display manufacturers customised the 
colouring of the casings
Focal companies were also constantly exchanging information on future development 
projects with all of their (potential) suppliers (Q53) On a frequent basis the focal 
companies compared their own technology road map, outlining their ideas on future 
product offerings, with the component road map of the suppliers 1 It is a continuos 
process were we meet regularly talking about developments and going forward and 
looking at industry changes" (Interview Flynn, Gateway, September 1999)
Furthermore, new components could not simply be assembled in an existing computer 
system The introduction of every new component involved a certain integration effort 
and in some cases a great effort It involved a process of testing, evaluation and 
certification on the side of the assembler and it could even require motherboard redesign 
This process did involve a certain amount of communication between the engineers of the 
assembler and the suppliers
Finally, limited technological co-ordination continued to exist during the ramp-up of the 
computer production process (involving the new component) as well as later, during the
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entire life-cycle of the component Thus, some suppliers were heavily involved in the 
traimng of technical staff at the focal companies in the run-up to the production of 
systems involving the new components Furthermore, during the initial period of 
production of systems incorporating a new component, the production engineers were 
typically in contact with engineers of the suppliers and there existed a constant 
information exchange on issues such as component reliability and quality issues over the 
entire life-cycle of the component
The above shows that, in line with the textbook NHVP approaches and partly 
contradicting the ideas of Langlois and Robertson (1995), the innovation process still 
involved a substantial amount of co-ordination and information exchange between the 
focal companies and the component suppliers However, of particular relevance to the 
research questions, the involvement of the European operations in this co-ordination was 
more limited, partly a reflection of the limited R&D activities of the European operations, 
as described in the previous section In the groups involved in genuine microcomputer 
development, 1 e the European server development groups of IBM and Digital, and in 
Dell’s European Products Group, the level of technological co-ordination was 
comparable to the level at the corporate design facilities and included all the elements 
mentioned above However, these relatively small development groups aside, the 
involvement of the European operations was limited
Thus, as regards those components where the innovation process was led by the focal 
companies, notably enclosures and printed circuit boards, the European operations were 
generally not integrated with the suppliers at the actual design stage Likewise, as regards 
those components where the product development process was no longer led by the 
computer assemblers, the involvement of European operations in technological co­
ordination was limited
As outlined in the previous section, engineers in European operations did play a role in 
the corporate development process and were involved in discussions and evaluations of 
new parts However, at the design stage, it was typically the engineers of the corporate
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design facilities that communicated with the development engineers of the suppliers To 
support their input in the corporate development process, regional staff kept themselves 
informed regarding road maps and general technological advances in the supply base 
However, this generally took place at an informal level, as part of the day-to-day and 
periodic operational contact with suppliers (see below) "If a supplier came to us and 
developed a new product, all we could do was to get samples, submit them to The States 
and get them approved or not" (Interview Kiely, AST, Oct 1999) Furthermore, this 
integration tended to involve the European sales and marketing groups more than the 
manufacturing engineers
At most, local engineers were involved in the ramp-up of the suppliers' production 
facilities, notably production facilities located in Europe This could involve activities 
such as managing engineering change orders, the introduction of an existing tool to a 
regional supplier and process qualification However, even in these situations, as far as 
technical issues were concerned, local engineers often played only a supporting role, 
facilitating and joining meetings between corporate engineers and supplier engineers
The exceptions included less strategic items, such as packaging, electronic and printed 
documentation kits, certain cables, screws, fasteners, labels, etc In these cases the 
technological co-ordination and information exchange was typically handled entirely by 
the European operations Some of these items, involved a very limited amount of 
technological co-ordination but regular changes in packaging, foam and cables involved a 
substantial engineering interface The supply of hard disk drives could involve a limited 
amount of co-ordination integration where the supplier carried out limited, additional, 
subcontracting activities for some of the focal plants
Co-ordination between European operations and suppliers continued in relation to day-to- 
day operational issues, which could involve technical issues Thus, supplier quality 
engineers in operations were in regular communication with the suppliers for failure 
analysis and the discussion of general quality issues and staff training Furthermore,
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technical and quality issues figured prominently in discussions with suppliers during the 
periodic supplier reviews organised by the European operations
Returning to the corporation as a whole, textbook NHVP models prescribe a strong 
rationalisation of the supply base (Lamming, 1993, Womack et a l , 1990) In line with 
this all focal companies worked towards a reduction of the number of suppliers per 
component model, a company-wide consolidation of purchases and an elimination of 
input requirements All focal companies practised single sourcing for many component 
models -  although, they could have several suppliers producing similar components (see 
section 5 2) However, the reasons were not necessarily restricted to the textbook idea of 
facilitating partnership with suppliers In some cases focal companies were forced to 
single source components, simply because of the fact that demand for systems was driven 
by a particular component technology or brand that was available from one source only, 
e g in the case of sound and video cards and microprocessors
The focal companies typically retained a dual or multiple sourcing strategy for a number 
of more industry-standard component models such as memory, floppy drives, capacitors 
and resistors In conflict with the textbook NHVP approaches, this strategy was partly 
driven by the traditional, Fordist, aim to create negotiating leverage or prevent supply 
problems associated with single sourcing However, often an important reason lay in the 
fact that a single supplier could simply not fulfil the demand of a focal company Again 
somewhat at odds with textbook NHVP, the research also found evidence of parallel 
sourcing (Hirakubo and Kublin, 1998, Langlois and Robertson, 1995) Although many 
component models were single sourced, the focal companies protected themselves 
against opportunism or supply problems by using different suppliers to supply similar 
components Thus, focal companies typically received hard disk drives and enclosures 
from several suppliers, all supplying a particular model The existence of working 
relations with several suppliers and the similarity of the components meant that the focal 
companies could switch from one supplier to another without great difficulty
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As regards the company-wide consolidation of purchases, virtually all purchases of 
strategic material inputs for the various plants of the focal companies were consolidated 
As discussed in section 4 5 4, in most cases supplier selection involved global 
procurement groups and global commodity managers were awarding contracts to supply 
the various plants of the company The main exceptions involved media, packaging 
material and a number of c-class items such as printed labels, although some companies 
were consolidating the purchases for some of these items as well For example, Industrial 
Print in Ireland supplied printed logos to Dell's world-wide manufacturing plants and Ire- 
Tex was contracted to supply packaging to Dell's plants in Ireland as well as in the Far 
East Similarly Smurfit supplied packaging to Gateway in Ireland as well as in the USA
As regards the elimination of input requirements, the earlier mentioned strategy of 
component modularization led to a substantial reduction in the necessary components and 
the number of suppliers The number of suppliers was further reduced by the use of 
system integrators, contracted to carry out the sourcing and higher-level assembly of 
components The practice was partly driven by (Fordist) production cost consideration -  
companies were able to negotiate costs with the system integrators that were lower than 
the costs involved in in-house production (Interview Tyldsley, Digital, Feb 1999) 
However, in the spirit of textbook NHVP approaches, the practice was mainly driven by a 
desire to reduce the cost of managing the supply base -  the cost of ordering, invoicing, 
etc
One example involved the supply of system enclosures Traditionally, plastic and metal 
components of the enclosure were sourced from different suppliers, specialising either in 
the area of metal work or plastic moulding However, in the second half of the 1990s, 
computer assemblers were increasingly looking for integrated suppliers able to supply the 
total enclosure and specialised suppliers were replaced by integrated suppliers 13
13 Some indigenous specialised com panies, such as Fullarton in Scotland, extended their internal 
capabilities and diversified into integrated enclosure suppliers O ther com panies initially attem pted to 
answer the new requirem ents via strategic alliances Thus, in Ireland, a metal engineering company, 
Ballym ount, and two indigenous plastic com panies, Rennicks and Top Tech, form ed a jom t-venture called 
Orbitech to supply integrated enclosures (Kennedy, 1998) Similarly, up to 1998, Southborough, a metal
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Furthermore, the enclosure suppliers were requested to take care of the sourcing of parts 
and the sub-assembly into the enclosure Thus, an enclosure was typically supplied with 
brackets, floppy drive, power supply and some internal cables already fitted The 
enclosure for the storage systems typically came in with the backpanel (an interconnect 
circuit board) and some cabling already assembled Other examples of the elimination of 
linkages involved the higher-level assembly of components onto the hard disk drive and 
the sourcing/kitting of components for the accessory boxes (for further detail see section 
5 2)
Finally, in line with the textbook NHVP concepts, the interviews revealed substantial 
supplier development/assistance activities in all focal companies, although the level of 
assistance depended strongly on the particular component or supplier involved (see also 
Q55) More detailed information on supplier development and its effects will be provided 
in section 5 7
4 6 C onclusions
This chapter started with an overview of the global microcomputer industry and a brief 
history of the promotion and development of the industry in Ireland and Scotland It was 
shown that the global and Western European PC industry have always been dominated by 
USA based firms that competed on a global scale from an early stage The main 
microcomputer players typically supported their global competition strategies with a 
global manufacturing presence In 1998, nearly all focal companies had at least one 
microcomputer assembly and test facility to serve each of the triad regions North 
America, Europe and the Far East Within Europe, Ireland and Scotland were clearly a 
preferred base for microcomputer production
The histories of the microcomputer industry in Ireland and Scotland show many 
similarities Although the countries had a different industrial history, during the 1970s
fabrication com pany, and D atapackaging, a plastic m oulding com pany, co-operated in a joint-venture 
called Unisol (Dunne, 1998)
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and 1980s both countries were semi-peripheral regions suffering from high 
unemployment and in both countries foreign direct investment was seen as a vehicle for 
restructuring the economy Industrial development agencies in both countries quickly 
identified the data-processing industry as an imported sector for targeted foreign direct 
investment promotion The promotion package in both countries included financial and 
fiscal incentives, low wages and access to the European market although Ireland had a far 
lower corporation tax while Scotland could offer access to a greater home market The 
microcomputer assemblers sourced a very small proportion of material inputs in the local 
economy In the early 1980s this was increasingly seen as a missed opportunity and 
industrial development agencies in both countries attempted to increase local linkages 
through the development of indigenous suppliers as well as the attraction of foreign- 
owned suppliers Rising wage rates during the 1990s meant that the microcomputer 
hardware industry in both countries came under increasing competitive pressure from low 
cost locations in the Far East
By 1998, both Scotland and Ireland had a sizeable microcomputer hardware industry 
Both countries had half a dozen main microcomputer assemblers, nearly all foreign 
owned Both countries were each producing over one third of the PCs sold in Europe 
while Scotland was also responsible for 60 per cent of Europe's workstations and 68 per 
cent of electronic notebooks System assemblers employed around 9,000 workers in both 
countries, while at peak periods employment rose well above this figure The amount of 
local linkages remained disappointing Since the mid-1980s both countries had seen the 
creation of a number of indigenous companies and inward investment by foreign owned 
MNEs able to supply the microcomputer assemblers However, many of the local 
linkages created in the 1980s and early 1990s disappeared in the 1990s when, due to 
increasing wage-pressure, many suppliers ceased producing low-tech inputs in Ireland 
and Scotland
The mam part of the chapter concerned the extent to which the microcomputer industry 
matches the textbook picture of NHVP The detailed analysis of the elements of the value 
chain showed that the microcomputer industry had many characteristics of textbook
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NHVP approaches -  notably Lean Production/ Lean Supply (Lamming, 1993, Womack 
et a l, 1990), Mass Customisation (Pine, 1993), Time-Based-Competition (Stalk and 
Hout, 1990) and JIT/TQM (Sayer, 1986) -  although important elements were not fully 
bom out Here I will reiterate a number of issues that will prove particularly important for 
the analysis of the geographical configuration of the supply network and the organisation 
of logistics in Chapter 5
As regards the production function, the focal companies had all adopted the general 
NHVP-related production management philosophies The central principle of the JIT 
philosophy, l e , only doing work when needed, in the necessary quantity at the necessary 
time, was followed out right to the front end of the production process by adopting a 
BTO model, combined with short order lead times for at least part of the output There 
was, however, one important difference from the textbook JIT manufacturing process 
which, was largely a consequence of the market conditions faced by the microcomputer 
companies The market for microcomputers was characterised by strongly fluctuating and 
unpredictable demand In such an environment a BTO strategy in combination with very 
short lead times resulted in a strongly fluctuating and unpredictable demand from final 
assembly on upstream functions A textbook JIT manufacturing system cannot deal with 
highly irregular and unpredictable pulls from final assembly since it would lead to 
inefficient use of labour and machinery upstream (Sayer, 1986) In the focal factories this 
problem was partly solved by reducing the number of phases in the assembly process As 
a result, the first upstream activity to be encountered was component production which 
virtually all took place outside the boundaries of the focal plants
As regards corporate organisation and subsidiary roles, the focal companies had many 
characteristics of Womack et a l 's (1990) post national company and the system of 
multiregional production Thus, nearly all focal companies had at least one assembly 
facility in each of the triad regions Apart from manufacturing, the European operations 
typically included substantial sales and marketing, service and regional headquarter 
functions The organisation structure of the focal companies was characterised by a 
combination of centralisation and decentralisation However, one important deviation
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from the system of multiregional production and the post-national company was the lack 
of substantial local-for-local R&D groups in the European operations Partly because of 
a relatively low level of product differentiation for specific geographical markets, the 
regionally specific product development requirements were relatively small and the 
microcomputer development facilities were strongly concentrated in the companies' home 
countries
Finally, as regards supplier relations, in line with the textbook NHVP concepts, the 
supply chains of the focal companies were characterised by a high degree of vertical 
ownership disintegration and, at the same time, not regulated merely by market forces but 
characterised by a substantial degree of co-ordination integration Co-ordination 
integration concerned both the organisation of inbound logistics and, to some extent, the 
organisation of product/process development and ongoing technology issues
As regards logistics, many of the textbook JIT manufacturing principles also figured in 
the organisation of inbound logistics However, there was one important divergence from 
the textbook JIT supply system, strongly related to the above mentioned market 
conditions and the BTO strategy adopted by the focal companies As discussed, the focal 
companies were serving erratic and unpredictable demand with a BTO strategy and made 
no attempt to smooth the demand on the production facilities of their suppliers Again, a 
JIT supply system, characterised by a virtual elimination of inventories, cannot deal with 
a highly unpredictable sequence of pulls from the customers As explained in the next 
chapter, this is one of the reasons why the supply chain of most components involved 
certain (tightly managed) buffer inventories
As regards the inter-firm co-ordination of product and process development, in line with 
the textbook Japanese Partnership and Lean Supply models (Lamming, 1993) most 
microcomputer makers had outsourced the majority of production as well as the design of 
many components and many focal companies had given up control over parts that in the 
traditional Mass Production system would have been assumed the natural preserve of the 
assembler One might argue that the process of component outsourcing had progressed
186
one level further since in relation to some components the network started to take on 
some characteristics of a decentralised network, rather than a core network In relation to 
this Langlois and Robertson (1995) and Angel and Engstrom (1995) argue that the 
organisation in the microcomputer industry comes near to a modular system In such a 
system there is a strongly reduced need for co-ordinated technology development and 
component development can proceed in an autonomous fashion
The findings presented in this chapter show that the situation in the focal companies was 
not as extreme and depended very much on the particular component concerned Thus, 
nearly all companies were still the co-ordinators of the development of some 
components Furthermore, where the computer assembler no longer led the innovation 
process, the development process still involved a substantial amount of co-ordination 
integration and technical information exchange However, the involvement of the 
European operations in this co-ordination was more limited, partly a reflection of the 
above mentioned limited R&D activities of the European operations At the design stage, 
it was typically the engineers of the corporate design facilities that communicated with 
the development engineers of the suppliers, except in the case of less strategic items 
Obviously, as will be discussed in the next chapter, this limited involvement of the 
European operations in the inter-firm co-ordination of product and process development 
has important consequences for the relevance of the argument for spatial proximity in 
NHVP industries in non-core regions
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CHAPTER 5 GEO G RAPHICAL C O N FIG UR A TIO N  OF SUPPLY CHAINS AND  
TH E ROLE OF BUYER-SUPPLIER P R O X IM IT Y  DRIVERS
5 1 Introduction
This chapter investigates the relevance of the four research patterns as outlined in 
Chapter 2 The chapter starts with a detailed account of the geographical configuration of 
the supply networks of the microcomputer assemblers in Ireland and Scotland Building 
further on data presented in Chapter 4, the following section asks to what extent the 
selection of suppliers with production facilities in Ireland and Britain was driven by the 
two NHVP-related buyer-supplier proximity drivers identified in Chapter 2 efficient 
technical information exchange and logistical efficiency Section 5 4 provides a detailed 
account of the way focal companies had structured their inbound pipelines This 
facilitates an appreciation of the key logistics data in section 5 5 that serve to establish 
whether the geographical configuration of the supply networks came about in the context 
of an optimal or a sub-optimal inbound logistics system, again building on insights 
presented in Chapter 4 Next, section 5 6 presents information on the relevance of other 
NHVP-related issues that, in theory, might have shaped the geographical configuration of 
the supply networks of the microcomputer companies
Up to an including section 5 6 the chapter focuses on static indicators of regional 
development, notably the proportion of material inputs sourced from the local and 
regional economy and the number of local linkages Section 5 7 describes the more 
dynamic development effects of the focal companies on the local supply base in Ireland 
and Scotland The conclusion is used to match the empirical pattern with one of the 
research patterns outlined in Chapter 2 The discussion of the findings in the context of 
the existing theory will follow in the overall conclusions of the dissertation
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5 2 Source of Supplies of the Microcomputer Assemblers
In this section the sources of the parts and components used by the focal companies will 
be outlined The data are primarily based on interviews with materials managers 
conducted in the eleven focal companies in the period 1998-1999 In the first round of 
interviews, interviewees were shown a list of generic component categories, 
supplemented with categories more specific to the company1 Interviewees were asked 
for the name and location of their suppliers as well as the geographical origin of the parts 
and components supplied As extra check, interviewees were shown a list of existing 
component manufacturers in Ireland and Scotland and were asked if the list included any 
other suppliers Great care was taken to establish the actual location of end-product 
manufacturing plants, rather than the location of the suppliers' headquarters, logistics 
facilities or component plants Information was checked with information on suppliers 
obtained from other sources (mainly newspapers, company web-sites and other internet 
sources) Discrepancies were addressed during the second round of company interviews, 
conducted during the second half of 1999 Furthermore, telephonic interviews were 
conducted with selected suppliers to clear up remaining queries, notably in relation to 
multi-plant suppliers and the activities in their various plants
The principal aim of this section is to provide a general overview of the geographical 
origin of the material inputs used by the focal companies Partly in support of section 5 7, 
on the dynamic indicators of development, this section provides insight into the 
'nationality' of the supplying companies In relation to the suppliers located in Ireland and 
Scotland the names of the suppliers are provided as well Separate tables containing more 
detailed information regarding the precise location, name, nationality, activity and 
relative importance of the various suppliers of individual focal companies were compiled 
to support data analysis An example of such a table has been included in Appendix C 
Tables for all focal companies are available on request In Appendix D focal compames 
and regional suppliers are included in one single table which allows for a better
1 The addition o f  m ore specific com ponents was based on inform ation provided in the w eb-sites o f  the focal 
com panies
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interpretation of the importance of individual suppliers in the regional supply network 
Furthermore, this table provides more detailed information regarding the geographical 
location of suppliers in Ireland, Scotland and Wales The list only includes suppliers and 
sub-contractors that were actually manufacturing or assembling locally The data in the 
text and the appendixes refer to the situation at the time the first round of interviews was 
conducted -  between the end of 1998 and the start of 1999 -  unless different periods are 
specifically indicated 2
The sources of parts and components are discussed under a number of generic component 
categories The first section deals with the suppliers involved in the assembly of complete 
computer, systems The following sections deal with the components sourced for actual 
system assembly metal and plastic components, motherboards and backpanels, 
microprocessors, memory, storage drives, power supplies, heatsinks and cooling fans, 
batteries and AC-adapters, modems and network components, graphics, video and sound 
cards, cables, screws and other c-class items This is followed by sections dealing with 
computer peripherals displays, keyboards, mice and joy-sticks, printers, scanners and 
digital cameras, speakers and microphones, docking stations Next there are sections on 
media, kits, packaging material and sub-assembly services Four companies were still 
assembling a limited range of motherboards on-site -  an activity that involves a great 
number of components and suppliers The sources for these components will be dealt 
with under four generic headings etched circuit boards, semiconductors, passive 
components, surface-mount-interconnect The final section provides a summary of the 
location of the suppliers
5 21  Complete Computer Systems
Most computer companies outsourced the manufacture or assembly of some of their 
world-wide system offerings, although only five companies used contractors to supply 
systems for the European market Such outsourcing always involved the lower end
2 The interviews with Intel and A ST sta ff m em bers were conducted on a post-hoc basis with reference to 
the first h a lf  or 1998
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models, although Apricot also outsourced one of its three server models Companies had 
various arrangements with their outsourcing partners At one end of the spectrum, 
suppliers were supplying on a ’full-tumkey-basis', le  they were responsible for the 
manufacture as well as the design of a particular model, although customers would 
typically have a strong involvement in the design At the other end of the spectrum, 
suppliers would be employed using a more traditional subcontracting model, involving 
the assembly of components issued free of charge by the contractor to the subcontractor
Focussing on the European market, Compaq had some of its lower-end desktop and 
portable computer models manufactured on a full-tumkey basis by three corporate 
Taiwanese suppliers Most models were manufactured in Taiwan, although one company, 
Inventec, had started assembly operations in a facility near Compaq in Scotland IBM had 
a global partnership with a Taiwanese supplier to manufacture lower-end home 
computers on a full-tumkey basis in a facility in The Netherlands A Scottish company, 
Fullarton Computer Industries, assembled low-end models in a facility near IBM This 
involved a more traditional subcontracting model with Fullarton pulling most materials 
from IBM's logistics system
Sun's network computers for the European market were manufactured in England by 
Canada based Celestica, a global partner of Sun The systems were designed by Sun but 
Celestica had taken the product from there and managed the supply chain The entry-level 
desktop computers were manufactured on a full-turnkey basis by Taiwan based Mitac in 
England Part of Apple's portable computers was manufactured on a full-turnkey basis in 
Taiwan by another Taiwanese company A more traditional arrangement existed with 
USA based APW/Horman Electronics that assembled desktop models on a free-issue 
basis in a facility located near Apple in Cork The facility basically functioned as a 
flexible extension of Apple's own plant Finally, Intel in Puerto Rico manufactured some 
of Apricot's server models on a full-tumkey basis
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5 2 2 Metal and Plastic Parts
Metal and plastic parts mainly involved enclosures and racks Smaller items included 
sheet metal brackets and plastic parts for hardware subassembly Traditionally, plastic 
and metal components were sourced from different suppliers, specialising either in the 
area of metal work or plastic moulding However, as part of the strategy of linkage 
reduction (see section 2 3 2), focal companies were increasingly looking for integrated 
suppliers able to supply the total enclosure Furthermore, the enclosure suppliers were 
requested to undertake the assembly of additional parts into the enclosure, on a turnkey 
basis (i e the assemblers managed the assembly as well as the sourcing of the additional 
parts) Thus, an enclosure was typically delivered with brackets, floppy drive, power 
supply and some internal cables already fitted The housing for the data storage systems 
typically came in with the backpanel (an interconnect circuit board) and some cabling 
already assembled The level of sub-assembly could be very high in the case of the 
portable computers Three companies received enclosures for the portables with the 
screen and the motherboard already assembled However, the level of pre-assembly 
differed from company to company and some focal companies assembled the portable 
computers from scratch
The computer assemblers typically used two suppliers for their high volume enclosure 
models, while the supply of less current models, laptop enclosures and racks typically 
involved another two to five suppliers, depending on the volumes and variety required 
Individual models were either single or dual sourced, l e assemblers used one or two 
single suppliers for a particular enclosure model However, the main suppliers often 
supplied more than one model At the time the first interviews were conducted system 
enclosures were supplied by a substantial number of companies Suppliers mentioned 
included three Irish, two Scottish, eleven USA based, five Taiwanese, two Japanese and 
one Korean company as well as two other Far Eastern based companies
A large part of the high volume enclosures was manufactured regionally Five of the 
focal companies had all their high volume enclosures manufactured in the same country,
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. while two other focal companies sourced a large part of their volume models locally 
Four companies sourced all their volume models from suppliers located overseas, but two 
of these focal companies, Gateway and Packard Bell-NEC3 were both in the process of 
organising a local source for their volume models As regards the regional sources, focal 
companies in Ireland received volume enclosures from the local facilities of three 
indigenous companies (Datapackaging, Top Tech, Ballymount) and three foreign MNEs 
(LMS-Beach, CTM-Southborough, Munekata) One focal company sourced part of its 
enclosures from a supplier in Scotland (Fullarton) The focal companies in Scotland 
received volume enclosures from the local facilities of four indigenous companies 
(Fullarton, High Speed/APW, Livingston Precision, Fife Fabrications) and four foreign 
MNEs (Bermo, McKechme, Foxteq and Birkbys/Marubem) Two focal companies 
sourced part of their volume enclosures from suppliers in Ireland (C-Fab/APW and 
Fullarton4) The imported volume models were nearly all supplied by Asian companies 
and manufactured in the Far East, typically in Taiwan and China Packard Bell and Intel 
were the only companies that imported part of their volume models from other regions, 
notably the USA and France
Lower volume enclosure models tended to be manufactured in the USA and in some 
cases in Ireland (C-Fab/APW) or Scotland (Fullarton) Because of the low volumes 
involved, a number of companies sourced low volume server and workstation enclosures3 
from the same plants that supplied the sister facilities in the USA
The supply of server racks involved eight USA based companies and two UK based 
companies Again, because of the low volumes involved, these items were often sourced 
from the same factories that supplied the corporate facilities in the USA Thus, four focal 
companies imported all racks from the USA, while three companies received enclosures
2 Packard Bell had already decided to source all its volum e m odels from Fullarton Com puter Industries in
Scotland
4 In 1999, Fullarton invested in a m anufacturing plant in Lim erick with the hope o f  supplying Dell In the 
mean tim e, the plant was used to supply one o f  Fullarton's existing custom ers in Scotland IBM However, 
the Dell business never developed, and two years after opening, Fullarton Lim erick closed (Interview  
K ennedy, Enterprise Ireland, Dec 2000)
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manufactured in the USA as well as Scotland (Fullarton), Ireland (CTM/Southborough) 
or England (Retal) Because of their bulky nature, in two cases the imported server racks 
were shipped in flat-pack form, while a local turnkey company (Brands and Livingston 
Precision) took care of the assembly, before delivery to the focal company
All enclosures for portables were imported from outside Ireland or the UK Three focal 
companies sourced partly assembled portables from established Asian portable computer 
manufacturers All these items were manufactured in Taiwan, Korea or Japan Three 
other focal companies sourced enclosures for portables from specialised plastic moulders 
Suppliers included USA based, Japanese and Singaporean companies and the enclosures 
were manufactured in the USA, Belgium, Japan and Singapore
Finally, although most small metal brackets and plastic components came integrated with 
the enclosures, most focal companies sourced a small number of these items separately 
Suppliers mentioned included seven USA based, three Irish, two UK based and one 
Japanese company Focal companies in Ireland received material from plants in Ireland 
(CTM/Southborough and Renmcks) Focal companies in Scotland received material from 
Ireland (Ballymount, APW/C-Fab and CTM/Southborough), Scotland (Fife Fabrications, 
Birkbys and McKechnie) as well as from four sources in the USA
The above provides a snapshot of the linkage situation at the time the interviews were 
conducted Since the mid-1990s the local enclosure supply industry has been in a state of 
flux, partly due to the NHVP-related supply chain strategy of corporate consolidation of 
purchases Some indigenous companies successfully internationalised by investing in 
other markets, as in the case of Scottish based Fullarton However, the main result has 
been that the focal companies' existing suppliers set up production operations in Ireland 
and Scotland, often before business was guaranteed In some cases this involved new
5 N ot all server and storage system models were low volum e Thus focal com panies with a large server and 
data storage system  business, such as Sun, Digital and IBM, used these enclosures in high volum es and 
typically sourced them  locally
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green-field investments6, in other cases global contract electronic manufacturers (CEMs) 
simply acquired indigenous companies to establish a local presence7 Partly as a result of 
these dynamics, the linkage situation has changed substantially since the time the first 
interviews were carried out Particularly in Ireland, a number of smaller indigenous 
companies have been replaced by local subsidiaries of larger CEMs
5 2 3 Motherboards, Backpanels and Riser Cards
Every computer system includes a motherboard and many contain a riser card to slot in 
the expansion boards Backpanels are the connector boards used in data storage systems 
In the period the first interviews were conducted, nearly all computer assemblers in 
Ireland and Scotland outsourced all of their board requirements Only IBM, Compaq, 
Apricot and Digital still manufactured high-level server boards on-site, but even these 
four companies outsourced most of their volume board requirements
Focal companies dealt with a limited number of suppliers at a time Computer makers 
typically used one to three suppliers for their volume models while a number of 
companies dealt with one or two other suppliers for backpanels and riser cards Most 
boards were sourced under corporate contract from global CEMs, operating multiple 
production facilities world-wide Suppliers included eight USA, three Taiwan, two Hong 
Kong, one Singapore, one Canada and one Japan based company The only indigenous 
supplier involved was Scottish CTS, that assembled backpanels for Digital
6 Thus, in 1998, A m erican LM S-Beach invested in a large integrated production facility in Ireland to 
supply Dell, gradually replacing Southborough and Datapackaging, two indigenous suppliers that had 
formed a joint-venture to supply Dell with integrated enclosures (AM T, M ay 1998) Taiwanese Foxteq set 
up a new enclosure plant in Scotland and, since the interviews were conducted, the same com pany invested 
in a new Irish facility to supply Apple (Oliver, 1999)
7 In 1997, APW , a large USA based CEM , took over the m etal stam ping plant o f  C-Fab in Dublin and the 
electronics assem bly facilities o f  H orm an in Cork in 1997 (AMT, June 1997) One year later the com pany 
acquired the High Speed production facilities in Scotland and England Sim ilarly, in 1998, Southborough, 
still then a Dell supplier, had been acquired by CTM , a global USA based CEM  In the same year Trend 
Technologies another USA based enclosure builder, took over the m etal operations o f  Ballym ount as well 
as the plastic m oulding plant o f  D atapackaging (Interview  Kennedy, Enterprise Ireland, Dec 2000)
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As regards the geographical origin of the boards, Intel operated a printed circuit board 
assembly (PCBA) facility in Ireland until the second quarter of 1998 This meant that, 
prior to that time, a substantial part of the board requirements of the microcomputer 
companies in Scotland and Ireland was manufactured in Ireland, although supplies could 
also come from Intel's other board assembly facilities in Malaysia or Puerto Rico, as well 
as from the facilities of its CEMs, typically located in South-East Asia (Interview Nagle, 
Intel ESSM, November, 1998)
At the time the interviews were conducted, Intel had already ceased PCB assembly in 
Ireland The geographical configuration of motherboard supply linkages differed from 
company to company Three companies, Apricot, Packard Bell-NEC and Intel itself, 
exclusively used Intel boards and therefore received all their boards from South-East Asia 
or Puerto Rico8 Similarly, Gateway, IBM, Compaq and Apple imported nearly all their 
motherboard requirements, while AST and Digital used both imported and locally 
manufactured motherboards At the other end of the spectrum, two computer assemblers, 
Dell and Sun, sourced virtually all volume motherboard requirements from plants in 
Scotland, the North of England and, to a lesser extent, Ireland The main sources for 
imported boards were Taiwan and China while other sources included the USA, 
Malaysia, Singapore, Mexico, and, more recently, Eastern Europe 9
As regards suppliers in Ireland and Britain, computer assemblers were not restricting 
themselves to sources in the same country Thus, assemblers in Ireland used suppliers in 
Scotland (Solectron and Jabil), The North of England (Celestica) and, to a lesser extent, 
Ireland (MSL and SCI) Similarly, assemblers in Scotland used suppliers in Scotland 
(Solectron, CTS and Avex) as well as the North of England (Celestica) Two of the board 
suppliers in Scotland (Solectron and CTS) carried out other assembly activities for their
8 The interviews with Intel and AST were conducted post-hoc with reference to the first h a lf  o f  1998, just 
before the closure o f  Intel's system  and board assem bly plants In this period, both the Intel m icrocom puter 
plant and the A ST plant received som e o f  their board requirem ents from Intel's board assem bly plant m 
Ireland
9 Furtherm ore, countries like Taiwan, Korea, Japan and Singapore are im portant sources o f  boards for 
portable com puters As discussed earlier, m ost o f  these boards are sourced as part o f  a pre-assem bled 
system
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customers, involving the integration of on-site produced backpanels, along with other 
components, into data storage systems
5 2 4 Microprocessors
Eight computer manufacturers in this research were manufacturing Intel based platforms 
Six of these companies were using exclusively Intel processors, while Compaq used a 
small amount of AMD processors as well Interviewees were not fully informed as to the 
actual location of production From 1998 to June 1999, Intel operated a Pentium cartridge 
packaging10 plant in Ireland, and some Intel microprocessors used by the focal companies 
were packaged at tliis plant (Interview O'Farrel, Intel cartridge plant, April 1998) 
However, the focal companies typically used around 10 different Intel microprocessors 
and the Leixlip facility could supply three or four at most According to the interviewees, 
the majority of Intel processors came from various other plants of Intel's integrated 
world-wide production base, including plants in Malaysia, the Philippines, the USA and 
Puerto Rico According to Intel staff, most of the Intel chips were packaged in Malaysia, 
The Philippines and Puerto Rico (Interview, Smith, Intel Fab 10 and 14, July, 1998) 
AMD processors were packaged in Malaysia or Thailand
Three other computer makers were using proprietary processor technology Apple's 
processors were manufactured in the USA by its USA based strategic partners Digital's 
Alpha processors were manufactured by Digital and Intel in the USA11 Finally, the 
microprocessors used by Sun were packaged in Canada and England by Celestica, its 
Canada based CEM partner
10 Packaging involves the assem bly o f  the casing and interconnections onto the individual sem iconductor 
die
M To solve a patent dispute, Intel had bought one o f  Digital E quipm ents chip m aking operations in the 
USA (The Irish Times, 29-10-97) and supplied Digital with A lpha chips in 1998
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5 2  5 Memory
Memory had become a commodity with little differentiation among products Most 
computer makers used several suppliers for memory The main suppliers mentioned in 
the interviews were Korean, Japanese and American companies with the required 
financial resources for this capital intensive industry Interviewees were not always 
informed as to the exact location of manufacturing, but the vast majority of the memory 
requirements was manufactured in Korea and Japan Smaller amounts were manufactured 
in the USA, Italy, Germany and Scotland (Motorola and NEC) Finally, one memory 
supplier had contracted a Scottish turnkey company, Sonnel, to carry out some value 
added work (reflash) on memory chips for Compaq
5 2 6 Storage Drives
Hard disc drives had already become largely a commodity product Most lower-end 
drives were industry standard products A number of vendors were providing value-added 
services such as the configuration with customer specific firmware However, suppliers 
were more and more driving their customers to a different model At least for the low-end 
drives, the trend was towards the supply of standard drives while the configuration was 
left to the customers or their subcontractors (Interview Murphy, Quantum, April 2001) 
Computer assemblers typically spread their requirements over four, or even more, of the 
mam global suppliers The four most mentioned suppliers were all USA based 
multinationals The only non-American suppliers involved two Japanese companies that 
both figured less prominently
As regards the location of manufacturing, up until mid-1998, a substantial part of the 
hard disk drives were manufactured in Ireland and Britain Quantum, Seagate and 
Western Digital were all manufacturing drives in Ireland, while IBM assembled hard disk 
drives in the UK However, by the time the interviews were conducted, nearly all hard 
disk drives were manufactured, and in some cases configured, in the Far East, notably 
Singapore Both Western Digital and Seagate had consolidated production in Singapore,
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while IBM had relocated its production to Hungary in 1997 Only part of Quantum drives 
were still manufactured in Ireland Quantum's generic drives were actually manufactured 
by its Japanese partner in Ireland, Singapore and Japan12 while Quantum's own facility 
was involved m customisation activities such as the configuration with customer specific 
firmware or, for two customers, the assembly of plastic components Seagate in Scotland 
undertook similar activities for Digital13 Since the first interviews were conducted, the 
one remaining hard disk drive manufacturing plant m Ireland, MKIR Panasonic, has been 
shut down (Keogh, 2000)
As regards floppy disk drives, nearly all computer assemblers sourced their floppy disk 
drives from one or two Japanese suppliers Only one focal company used a Taiwanese 
supplier All floppy disk drives were manufactured in the Far East As regards CD-ROM 
and CD-ROM combo drives, the focal companies typically used one to three suppliers 
All CD-ROM drives were imported from the Far East The mam suppliers were all 
Japanese companies Only two focal companies also used a non-Japanese supplier (USA 
and Korea) At the time the first interviews were conducted, only three computer makers 
used small amounts of CD-RW drives, all manufactured in the Far East Six focal 
companies were offering DVD drives Again, the suppliers mentioned in the interviews 
were all Japanese and all drives were manufactured in the Far East Five companies sold 
small amounts of Iomega Zip drives manufactured under licence by NEC in the Far East
Eight computer assemblers required small volumes14 of higher capacity tape drives or 
complete tape libraries and autoloaders Suppliers mentioned included five USA based 
companies, one Norwegian and one Japanese company The lower-end drives were
12 Quantum  had licensed Japan based M KE to m anufacture Q uantum 's drives for the global m arket MKE 
was m anufacturing Quantum  drives m Japan, Singapore and at its Irish subsidiary, M K IR The type o f 
drives m anufactured at M K IR  changed on average twice a year H ow ever M K IR was a single-product 
plant, producing one type o f  drive at a particular time The other drives w ere im ported from Japan and 
Singapore (Interview  M urphy, Quantum , April 2001)
13 Both Seagate and Quantum  carried out final configuration o f  drives, respectively in Scotland and Ireland 
Furtherm ore, for D igital they assem bled high capacity hard discs into storage building blocks to be 
integrated in Digital's data storage system s (usm g plastic com ponents supplied by Birkbys in Scotland) 
However, the arrangem ent had com e to an end in the second quarter o f  1999 w hen Digital carried out the 
subassem bly on-site Q uantum  carried out sim ilar assem bly activities for IBM
14 The largest volum es w ere required by com panies w ith a strong data storage system  business, \ e Digital, 
Sun, IBM
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manufactured in the Far East Higher-end tape drives and autoloaders were manufactured 
mainly m the USA, the Far East and Norway, while USA based Hewlett Packard 
manufactured tapes for Sun Microsystems in Bristol
5 2 7 Power Supply
The power supplies, particularly for the lower-end systems, were in many cases 
assembled into the enclosure by the enclosure or rack suppliers or a local turnkey 
company although some focal companies assembled all power supplies on-site (see under 
metal and plastic parts) As regards the low-end systems, computer companies typically 
used one or two suppliers Suppliers included mainly USA and Taiwanese companies as 
well as one Japanese company However, all low-end power supplies were manufactured 
in the Far East, notably China, Malaysia and Thailand
The higher-end power supplies were often specific to a particular server or data storage 
model, and manufacturers of high-end servers used up to five different suppliers, 
depending on the technologies required Suppliers mentioned included seven specialised 
USA based companies as well as a Japanese and a Swiss company Again, part of the 
higher-end power supplies were imported from the Far East, however the largest amount 
came from the USA, while Mexico, Germany, Austria and Italy also figured One 
company, Digital, received a small amount of high-end power supplies manufactured in 
England by USA based Umpower
5 2 8 Heatsinks and Fans
The heat dissipation of the low-end systems was typically managed by the integrated 
power supply cooling fan However, higher-end systems were characterised by higher 
heat dissipation and required additional cooling in the form of heatsinks and auxiliary 
fans In some cases the heat sink and fan came assembled as a unit Heatsink supply 
mainly involved USA based and Taiwanese companies although one UK based company,
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Redpoint, was an important supplier for three focal companies Most heat sinks were 
manufactured in the Far East, notably Taiwan, and to a lesser extent the USA but two 
companies received most of the heat sink requirements from two suppliers in England, 
Redpoint and Aavid Since the time the first interviews took place, these UK-linkages 
have ceased to exist when Aavid first acquired Redpoint (Spirent [online], 24-08-99, 
www spirent com/news/756 html), and later closed its UK manufacturing facilities 
(Businesswire [online], 31-03-00, www businesswire com)
Again most cooling fans came integrated with the power supplies or heatsinks As 
regards the auxiliary cooling fans, low-end fans were sourced from Japanese and USA 
based companies and manufactured mainly in the Far East A small number of focal 
companies used high-end auxiliary fans sourced from a small number of Japanese, USA 
and German companies and manufactured in the Far East, the USA, England (USA based 
McLean) and Germany
5 2 9 Batteries andAC-adapters for Portable Computers
Interviewees were not always fully informed as regards the origin of batteries and 
external AC-adapters for the portable computers partly because of the fact that in three 
cases the sourcing was managed by the suppliers of the sub-assembled notebooks The 
main battery suppliers mentioned were Japanese and, to a lesser extent, USA based 
companies Almost all batteries were manufactured in the Far East, notably in Japan 
Only IBM imported batteries from both Japan and Mexico Similarly nearly all external 
AC-adapters were manufactured in the Far East, notably in China and Malaysia
5 2 10 Modems and Network Components
For the systems where the modem chip was not integrated on the motherboard, computer 
companies offered modem cards and external modems as an option Modem cards and 
small amounts of external modems were sourced from two USA based companies, one
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Taiwanese and one Japanese company Furthermore small amounts of modem PC cards 
for portables were sourced from two USA based companies, one Japanese and one UK 
based company (Psion) Most modem supplies were manufactured in the Far East, the 
USA and Mexico Part of the internal modem cards and modem PC cards for portables 
were manufactured in the Irish facilities of 3-Com However, according to the 
interviewees, most of the 3-Com supplies were manufactured in other 3-Com facilities 15 
Finally, one of the focal companies sourced modem PC-cards manufactured by Psion in 
England
For systems where network chips were not integrated on the motherboards, or in case 
customers had specific requirements, the focal companies offered a range of network 
cards At the time the interviews were conducted, the network business was still very 
dynamic, involving a great number of regularly changing suppliers The majority of 
suppliers were USA based companies Apart from the six USA based companies, the list 
included one Canadian, one Scandinavian and one Japanese supplier
Interviewees were not fully informed as to the precise location of manufacturing It was 
clear though that some of the network cards were manufactured in Ireland At the time 
the first interviews were conducted, Intel, 3-com, Cabletron and Madge Networks were 
all manufacturing networking components in Ireland However, according to the 
interviewees, most of the network cards were imported from the USA or the Far East 
The network cards of the larger suppliers could come from any of their global 
manufacturing sites Turthermore, many network component suppliers had already 
outsourced a large part of their manufacturing activities For example, IBM cards were 
manufactured in Singapore and China by a Singapore based global CEM 16
15 Only G atew ay had specifically negotiated that m ost o f  its network-card requirem ents were to be 
m anufactured in 3-Corn's Dublin plant
16 This outsourcing process has continued since the first interviews were conducted For exam ple, in 1999 
M adge Netw orks outsourced its m anufacturing and sold its D ublin plant to Celestica (M cG rane, 1999) 
Cabletron was one o f  the last networking com panies to com pletely outsource m anufacturing w hen it sold 
its m anufacturing plants in the US and Ireland to Flextronics, a USA based CEM  (The Irish Times, 29-03- 
00)
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Finally, some of the larger computer makers required other networking components such 
as routers and switches for their networking services arm However, the sourcing of these 
components fell outside the remit of the manufacturing operations and was therefore not 
discussed
5 211 Graphics, Video and Sound Cards
At the time the interviews were conducted the market for graphics, video and sound add­
in cards was extremely volatile The technology involved was changing all the time and 
computer assemblers regularly changed supplier depending on which supplier was first to 
market with a new technology Chip suppliers and card suppliers were vertically 
integrating in an attempt to secure supplies or markets Furthermore, OEM computer 
makers were seeking to integrate the technology into the motherboard, increasing the 
demand for graphics and sound chips, but reducing the market for add-in cards
Individual computer makers typically used graphics/video cards from two mam suppliers, 
although, again, suppliers were changing all the time Suppliers included two Canadian, 
five USA based and one German company Some of these companies were still 
assembling cards in their own factories Thus, Matrox assembled its own cards in 
Canada, STB in Mexico, while Elsa had an assembly plant in Germany However the 
other suppliers had already outsourced card assembly, typically to companies with plants 
in the Far East
At the time the interviews were conducted, the sound technology for many computer 
models was already integrated into the motherboard For the models where this was not 
the case, individual computer makers used one or two suppliers Suppliers mentioned 
included five USA based companies, two Japanese and one Singaporean company17 In 
nearly all cases card assembly was outsourced to CEMs with plants in the Far East The 
exception was Creative Technologies who still assembled its own cards in Singapore
17 A lthough m any sound-card suppliers were USA based, the w orld leader by far was Singapore based 
Creative Technologies (Kraem er and D ednck, 1998)
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5 2 12 Cables and Interconnect
This category covers a wide range of cables such as power cords, wire harnesses and 
signal cables, often with connectors or terminators assembled This was a very 
fragmented business The mam players were large MNEs with several manufacturing 
facilities across the globe, including Ireland and Scotland, although smaller indigenous 
companies were involved as well
The computer companies in Scotland sourced a large part of their cable requirements 
from eight USA based, one Taiwanese and one UK based company (Volex) while small 
amounts of cables were sourced from two Scottish (Fullarton and Clairemont) and two 
German companies The focal companies located in Ireland sourced a large part of their 
cable requirements from Keytech, an indigenous manufacturer and turnkey supply-chain- 
manager of interconnect material, as well as from a Taiwanese, a Japanese , a German 
and a USA based multinational
It proved very difficult to determine the precise geographical source of the cables and 
interconnect material Although companies received interconnect material from the local 
facilities of the MNEs, not all material was necessarily manufactured in these local 
facilities Secondly, the computer assemblers sourced part of their requirements through 
local supply-cham-management companies on a turnkey basis and were not always 
informed as to the precise location of manufacturing
The interviews did reveal that a large part of the cable requirements of the computer 
companies was manufactured or assembled locally The computer companies in Scotland, 
used cables manufactured in the Scottish plants of Amphenol, Phoenix, Techdyne, Volex, 
Fullarton and Clairemont, the Irish plants of Molex, Volex and Methode Electronics and 
the Volex plant in England Assemblers in Ireland used cables manufactured in the Irish 
facilities of Keytech, Molex and LD Intercon However, the trend was towards a decrease
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in local sourcing and a (increasing) majority of cable requirements was imported, mainly
18from the Far East and, to a lesser extent, from the USA.
The supply lines of cables were often indirect. Thus, seven computer assemblers received 
the external power cables via supply-chain-managers and on a turnkey basis (i.e. the 
supply-chain-manager bought and stocked material and subsequently supplied it to the 
focal companies) -  nearly always as part of the country kit (see under kits). Similarly 
four companies sourced at least part of their internal cable requirements via supply-chain- 
managers on a turnkey basis. Furthermore, many internal cables were supplied as part of 
the pre-assembled enclosures by the enclosure suppliers who managed the supply chains 
of cables on a turnkey basis.
5.2.13 Screws, Fasteners and other 'C-class' Items
The computer companies used a variety of c-class items -  from screws, fasteners, buffers 
and plastic stand-offs to printed labels. Virtually all threaded components, stand-offs, etc. 
were imported, notably from the USA. Plastic product identification labels and badges 
were sourced from the USA, as well as from two local manufacturers -  Industrial Print in 
Ireland and Donprint in Scotland (both part of UK based Worldmark Group).
All computer assemblers assigned local specialised hardware supply-chain-managers to 
manage the supply chain of their hardware requirements, in some cases including cable 
and interconnect material, on a turnkey basis. In Ireland this market was strongly 
concentrated with all computer companies using the services of locally based Quality 
Electronic Fasteners, although two assembler used other locally based companies as well, 
notably MacB and Irish Moulded Products. The computer assemblers in Scotland each 
used their own local specialised supplier, inter alia, USA based NABS, UK based TR
i8 Since the first interviews were conducted, Volex has shifted som e o f  its pow er cord m anufacturing 
activities from England to South-East Asia in 1999 ( This Is Lancashire [online], 18-03-99, 
w w w .thisislancashire.co.uk/archive/1999/03/18/N EW S4V Q .htm l) and A m phenol closed its Scottish cable 
m anufacturing plant in 2001 (Interview  Inform ation O fficer, Am phenol, February 2001).
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Fastenings and Geltron Sun used its regular supply-chain-manager, USA based BG 
Turnkey
5 2 1 4  Displays
Typically, the computer assemblers sourced their monitors and notebook screens from 
three to five different suppliers The vast majority of displays were supplied by four 
Korean, five Japanese and two Taiwanese companies IBM also offered internally 
designed flat-panel monitors, manufactured by contractors in South-East Asia Three 
computer assemblers received a small number of high-spec monitors from two European 
companies The LCD displays for portable computers were manufactured by six Japanese 
and two Korean companies Three of the focal companies received these displays with 
the partly integrand portable systems, pre-assembled in Taiwan, Korea and Japan (see 
under metal and plastic parts) IBM received part of its LCDs from a partly owned 
company in the Far East
Although a large part of the displays were manufactured in the home countries of the 
Asian MNEs involved (notably Japan, Korea and Taiwan), many models were assembled 
in subsidiaries located in other countries in the Far East, notably Singapore, Malaysia, 
China and Thailand Although there were no displays manufactured in Ireland or 
Scotland, five computer makers received monitors from manufacturing facilities located 
in Wales (Sony and LG Electronics) and/or the North of England (Samsung and Tatung) 
However, these manufacturing facilities were only responsible for the final assembly of a 
minority of all required models -  the majority of models supplied by these multinational 
companies was manufactured in the Far East Similarly, Philips supplied two of the focal 
companies with monitors manufactured in Hungary but also supplied monitors 
manufactured in China, Taiwan and Mexico Finally, Nokia supplied focal companies 
with monitors supplied in Finland and Hungary
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5 215  Keyboards, Mice and Joysticks
As regards keyboards, companies typically used one or two multinational suppliers The 
mam suppliers included three Japanese and two Taiwanese companies while two USA 
based companies figured less prominently At one stage, most of the required input 
devices were manufactured in Ireland by subsidiaries of MNEs such as Alps, Mitsumi, 
NMB and Keytronics However, in the second half of the 1990s the location of these 
facilities in Ireland became less and less competitive and all companies ceased the actual 
manufacture of the devices in Ireland In a period of two years, Keytronics (O'Kane,
1996), Alps (Hogan, 1998) and Mitsumi (The Irish Independent, 08-01-98), all laid off 
substantial numbers of production workers and basically continued as distribution 
operations, only retaining a limited localisation capability
At the time the first interviews were conducted, virtually all keyboards were 
manufactured in the Far East, notably South-East Asia or China The key-cap laser 
printing for the high volume language boards, notably boards for the English speaking 
market, typically took place in the Far East as well However, lower volume language 
boards were typically printed in Ireland or Scotland Thus, the computer makers in 
Ireland had their lower volume boards localised in the local facilities of Keytronics, Alps 
and Lite-on, while NMB had its boards localised in Ireland by BG Turnkey, a USA based 
turnkey company Similarly, part of the keyboards used by all but one of the focal 
companies in Scotland were localised at the local facilities of NMB and/or Chicony, 
while Alps in Ireland was used on one occasion as well The keyboards used by Sun were 
localised in a BG Turnkey facility near Sun's distribution centre in Holland
The main supplier of mice was Switzerland based Logitech Ireland had long been the 
biggest global source of mice until Logitech stopped manufacturing mice in Ireland in the 
mid-1990s (O'Kane, 1995) At the time the interviews were conducted all mice were 
manufactured in the Far East, notably in China Similarly, where applicable, the single 
biggest source of joysticks was Logitech and all joysticks were manufactured in the Far 
East
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The supply lines of mice and, to a lesser extent, keyboards were often indirect Thus, a 
number of focal companies that had outsourced the kitting of country or accessory boxes 
received part of their mice and keyboard requirements as part of the kit, typically on a 
turnkey basis (see under kits)
5 2 16 Printers, Scanners and Digital Cameras
The focal companies sold small amounts of printers, scanners and cameras as options 
Typically the supply chain of these items fell outside the remit of local manufacturing 
operations and not all interviewees were fully informed as to the exact geographical 
origin of these items
Only five of the computer companies in this research actually sold printers in the past, a 
number of companies offered their own branded printers, but at the time the interviews 
were conducted, Apple and Digital were the only companies still doing this Three other 
companies offered well-known Japanese and US brands Most printers were imported 
from the Far East, the USA, Canada and Spain One focal company received Epson 
printers manufactured m Telford, England However, the majority of Epson models were 
manufactured in the Far East, notably Indonesia, and merely repackaged in Telford
At the time the first interviews were conducted the market for scanners and digital 
cameras was still in its infancy Only four computer makers sold very small amounts of 
branded scanners supplied by established USA and Europe based companies 
Interviewees were not informed as to the exact geographical origin but none of the 
scanners were manufactured in Ireland or the UK Two companies offered digital 
cameras supplied by Sony and manufactured in the Far East
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5 2 17 Speakers and Microphones
Six of the interviewed computer makers were selling speakers and microphones The 
mam suppliers involved four established USA based names and to a lesser extent, a 
number of smaller Asian companies Nearly all speakers and microphones were 
manufactured in the Far East, notably China Only Sun used microphones manufactured 
in England, by Japanese Hossiden Besson The supply chain of microphones was not 
always direct A number of focal companies that had outsourced the kitting of country or 
accessory boxes received part of their microphone requirements as part of the kit, 
typically on a turnkey basis (see under kits)
5 2 18 Docking Stations fo r  Portable Computers
Four computer makers sold small amounts of docking stations as an option In all but 
one case these stations were sourced as a finished product The stations of two focal 
companies were manufactured by two Japanese and one Taiwanese company in the Far 
East Two other focal companies manufactured the stations on-site The components, 
mainly plastic mouldings, power supply and network card, were sourced from the same 
suppliers as mentioned under the relevant sections above
5 2 19 Media
Media involved items such as CD-ROMs and printed manuals In most cases these items 
came together as shrink-wrapped packages In most cases these packages were supplied 
by five specialised USA based software distribution companies with one or more 
facilities in Ireland and/or Scotland (Thompson Litho, Sykes, US Print, Modus Media, 
and Gardener Gibson) A small number of cases involved the local facilities of more 
general turnkey companies (BG Turnkey and Prmtech)
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However, the local facilities were not involved in actual CD-ROM replication They 
merely shrink-wrapped the CDs together with documentation for distribution As regards 
the CDs, the suppliers acted as turnkey supply-chain-managers Interviewees were not 
always informed as to the actual location of CD manufacturing The interviews did make 
clear that a substantial part of the CDs was replicated in Ireland or Britain Thus, some of 
the CDs were replicated in the Irish facilities of Germany based Sonopress and USA 
based Zomax However, some CDs came from further afield One of the distributors, 
Modus Media, sourced its CDs from three companies Zomax m Ireland, Nimbus in 
Wales (both USA based) and Sony in Austria (Interview Fisher, Modus Media, February 
2001) US Print replicated its own CDs in the USA (Interview, Meek, US Print, February 
2001) Finally, Digital sourced CD-ROMs from its own replication and wrapping facility 
in Galway, Ireland
Printed matter was either produced by the wrapping companies in-house or 
subcontracted As regards the Irish market, Modus Media and Printech both operated 
their own litho-printing facility in Dublin while BG Turnkey had subcontracted the 
printing to two indigenous printers in Dublin (Colorman and Printech) A large part of the 
printed material for the Scottish market came from Ireland as well Thus the Scottish 
wrapping facilities of Modus Media and Printech had some limited digital printing 
capability for print-on-demand requirements The high-volume litho-printed material 
supplied to the kitting facilities in Scotland, came from Dublin Thompson Litho and US 
Print did their own litho-printing on-site
The supply lines of wrapped media were often indirect with six of the focal companies 
receiving at least some of their media as part of the country kit, typically on a turnkey 
basis (see under kits)
5 2 20 Kits
Language specific items as well as small accessories were generally packed m a separate 
box, the ’country kit' or 'accessory kit', to be added to the generic computer systems for
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shipping to the end-customer The content of these kits varied from company to company 
and could vary from order to order The kits typically included the media, power cable, 
the mouse, the keyboard, country specific connectors and, in some cases, even more 
generic items such as the speakers and the microphone Some companies used different 
kits for market-specific items and generic items
Five focal companies carried out the kitting activities themselves on-site However, the 
other focal companies contracted at least some of the kitting activities out to supply- 
chain-management companies who typically supplied the components on a turnkey basis 
In Ireland the focal companies used one of the three facilities of USA based BG Turnkey 
while one focal company also used Walsh Western The focal companies in Scotland 
used the local facilities of USA based BG Turnkey and Modus Media as well as Brands 
Electronics, an indigenous turnkey company
Obviously, there was some overlap between kitters and the CD-ROM replicators and 
printing companies mentioned in the previous section Most companies were diversifying 
into integrated manufacturing support companies Thus media distribution companies 
could have a substantial printing and kitting business and printing or CD-ROM 
replication companies were diversifying into kitting activities 19
5 2 21 Packaging Material
The main packaging requirements were corrugated boxes, foam and some plastic cover 
All but two focal companies sourced all their packaging needs from local suppliers The 
focal companies in Ireland used one or more indigenous suppliers (Smurfit, Ire-Tex/ILP, 
Fitzpack and Hi-term) Some of the suppliers operated several local facilities The focal 
companies in Scotland sourced packaging from the local facilities of Smurfit, as well as
19 For exam ple, at the tim e the first interviews were conducted, Prmtech, initially a printing com pany, was 
m arketing itself strongly as a m edia kitting and hardware supply-chain-m anagem ent com pany and changed 
its nam e to SerCom  Solutions By 2001, the com pany carried out printing, as well as kitting and supply- 
chain-m anagem ent activities for IBM (Interview  O ’Grady SerCom Solutions, February 2001) Similarly,
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from a range of indigenous suppliers (Macfarlane/ A&W Fullerton, Rexem, SCA, Dewar 
Brothers, Arkol, Hamilton, KWR, Scotfoam and Foamplus)
5 2 22 Sub-assembly and Rework Services
As indicated above (see under metal and plastic parts), suppliers of enclosures and 
backpanel boards, often carried out additional assembly activities as well Thus, 
enclosure manufactures typically integrated brackets, floppy drive, power supply, internal 
cables, and in some cases, even boards Similarly, two of the board manufacturers in 
Scotland (Solecton and CTS) assembled their on-site produced boards into enclosures for 
data storage systems for two of the focal companies
Apart from this, eight turnkey companies were involved in a range of sub-assembly and 
rework activities20 In most cases these activities were really part of a broader supply- 
chain-management/ warehousing role that these companies performed in relation to the 
part or component involved In these cases the actual customer was a hardware supplier, 
rather than the focal company
All turnkey companies were located in the same country as the customers they supplied 
The suppliers involved were all variegated companies, offering a range of supply-chain- 
management and value added services Thus, as mentioned above, apart from its media 
and kitting activities, Brands in Scotland was assembling plastic components onto hard 
discs for Compaq, and assembled flat-pack enclosures for two of Compaq's suppliers 
located in the USA Similarly, Tech-source an Irish supply-chain-management company 
carried out minor sub-assembly on portable bases, imported from Singapore, before they 
were delivered to Apple Simclar, a Scottish turnkey company, was going to carry out 
assembly work on the high-end severs of Digital Earlier mentioned Clairemont 
Electronics carried out small amounts of sub-assembly work for Compaq and IBM IBM
disk replicators such as Sonopress and N im bus were m arketing them selves as general 'turnkey com panies' -  
providing disk replication services as well as printing, packaging and supply-cham -m anagem ent services
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also received small amounts of sub-assembly services from Turnkey, another Scottish 
company. Three companies were involved in limited rework activities. Chip, an 
indigenous turnkey company, carried out rework on parts for Apple in Ireland. Sonnel, a 
Scottish turnkey company, was involved in rework on parts for Digital, while BG 
Turnkey carried out rework in its Scottish facility on parts for Compaq.
5.2.23 Components for Board Assembly Line.
At the time the first interviews took place the local facilities of Intel, Apple, and Sun had
just ceased all board assembly activities and only four companies (Digital, IBM, Apricot
• • • •  • * 2 1  and Compaq) were still populating printed circuit board for their server models on-site.
Although often a small part of the total manufacturing activities, board assembly
involved a great number of components and suppliers. One can distinguish four generic
component groups: etched bare boards; active components such as microprocessors, core
logic chips, memory, controller chips and other semiconductors; passive components, i.e.,
capacitors and resistors; surface-mount interconnect parts, jumpers and switches. The
main components, in terms of value, were the microprocessors, some of the other
semiconductors and the etched boards. Most of the other components had an extremely
low value.
The etched boards were sourced from a range of companies. Important suppliers included 
five USA based companies, two Taiwanese, one Austrian, one Hong Kong based and one 
British company (Exacta Circuits which is part of the UK Forward Group). Some of the 
USA based suppliers were servicing their customers from plants in the USA. But most 
suppliers used plants in the Far East, notably China. One supplier manufactured in 
Austria. USA based Viasystems was the only company that manufactured in England (to
20 Rework is the rem oval o f  a part from, or adding o f  a part to, an existing product, typically a populated 
printed circuit board.
1 Only three o f  these com panies, Digital, IBM and A pricot provided structured inform ation regarding the 
inputs o f  the com ponent for board assembly. Lim ited inform ation was provided by Com paq. Furthermore, 
in a post-hoc interview , inform ation was obtained on Intel's board assem bly activities, that had ceased in 
the first h a lf  o f  1998. Data presented in this section is based on inform ation provided by four com panies, 
Digital, IBM, A pricot and Intel.
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supply Apricot), but even this facility closed in 2001. Exacta used to supply Digital from 
a facility in Scotland but this facility had already closed in 1997.
As regards active components, microprocessors and memory have already been discussed 
in the relevant sections above. Graphic and sound chips were supplied by the same 
companies that supplied the cards, as well as two other USA based suppliers. Apart from 
these chips, a great number of other semiconductors was sourced from as many, often 
specialised, suppliers. The main suppliers mentioned included 13 USA based companies, 
one Dutch and one German company.
In many cases it proved futile to attempt to establish the actual location of manufacturing. 
Microprocessors and memory aside, any of semiconductors supplied by the larger 
suppliers could have been manufactured in any wafer fabrication (Fab) and or integrated 
circuit packaging22 plants in the suppliers' global production networks and the actual 
plants used could change with the life cycle of a particular technology. Furthermore, 
many suppliers have contracted out part or all of the wafer fabrication and/or packaging 
activities to sub-contractors. Here too, the actual location of production changes 
regularly. The information available did show that some of the semiconductors are 
packaged in the USA. However, many companies operated packaging plants in other 
places as well, mainly in the Far East and, to a lesser extent, in Europe. Furthermore, 
most of the packaging subcontractors operated out of the Far East. Almost none of the 
semiconductors used by the focal companies were packaged in Ireland or Scotland, apart 
of course from the small amounts of microprocessors and memory mentioned earlier.
As regards the passive components, resistors and capacitors were sourced from an 
extensive range of global suppliers -  nearly all Japan and, to a lesser extent, USA based. 
Again, it proved difficult to establish the exact location of manufacturing. Although 
passive components were typically manufactured in-house, most suppliers were large 
global companies with multiple production facilities in many countries, notably in the Far
22 Packaging involves the assem bly o f  the casing and interconnections onto the individual sem iconductor 
die.
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East, the USA, Mexico and, to a lesser extent, Europe and Israel. According to the 
interviewees, most passive components used by the focal companies' European 
operations were manufactured in the Far East, although some passives originated in 
Europe. The only supplier producing locally was AVX/Kyocera in Northern Ireland, and, 
according to the interviewees, even in this case many of the part numbers were actually 
manufactured in other locations.
Other components for board assembly included surface-mount-interconnect material, 
jumpers, switches, etc. Again, the focal companies involved in board assembly used a 
range of suppliers. The main suppliers mentioned included four USA based and one 
Taiwanese company. Nearly all of these parts were manufactured in the Far East and the 
USA. At the time the interviews were conducted Molex and Amp were the only local 
suppliers. Molex manufactured a small amount of surface-mount-interconnect material in 
its Irish facility for one of the focal companies. Amp manufactured material for two of 
the focal companies in its facility in Scotland, but this plant closed in 1999.
5.2.24 Summary of Location of Suppliers
Clearly, the geographical configuration of the supplier networks differed from company 
to company. However, great commonalities did exist, especially as regards the regional 
supply situation. The main 'outlier' was Packard Bell-NEC in Scotland. Mainly due to the 
recent establishment of the plant, parts and components that other companies typically 
sourced locally, were still imported by Packard Bell-NEC. However, at the time the 
interviews were conducted, negotiations with local suppliers were already underway23. 
Apart from this, the main difference between the focal companies concerned the location 
of the motherboard/backpanel suppliers. The geographical configuration of the 
production linkages in the microcomputer hardware industry is summarised in Table 5.2
23 They had already decided to source their volum e enclosure m odels from Fullarton and part o f  their cable 
requirem ents from Sim clar, both located in Scotland
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Clearly, the vast majority of components and parts were imported from regions outside 
Ireland and Britain, notably from the Far East and, to a lesser extent, the USA. The only 
items characterised by significant sourcing in Ireland and/or Scotland were: complete 
computer systems assembly, enclosures, motherboards/backpanels (mainly Scotland), 
network cards (Ireland only), low volume keyboards, media, kits, packaging material, and 
sub-assembly services. Furthermore, England and Wales figured to a small extent in the 
area of monitors while England played a role in the supply of motherboards as well24. 
However, most of these components were imported from other regions as well. Thus, the 
majority of motherboards/backpanels25, network cards, cables, keyboards, monitors, as 
well as significant parts of the complete computer systems and enclosure supplies, were 
manufactured in other regions, notably in the Far East and the USA. The only 
components that were mainly sourced from suppliers in Ireland or Scotland were 
enclosures, packaging, media, kits and low-volume keyboards.
As regards the regional supply network, a detailed list of the suppliers located in Ireland 
and Scotland, as well as the rest of Britain, is provided in Appendix D. The location of 
the regional suppliers of the focal companies in Ireland and Scotland has been graphically 
depicted in Figures 5.1 and 5.2.26 The suppliers have been categorised according to the 
main product that they supply to the focal companies, rather than according to their wider
9 7activities . Furthermore, in relation to multi-plant firms, all end-product producing plants 
involved have been included.
24 Only one supplier, Celestica, was involved. However, this CEM supplied a large part o f  the motherboard 
requirem ents o f  Dell and, to a lesser extend, Sun and IBM.
25 Dell and Sun were the only two com panies that sourced the majority o f  their board requirem ents from 
regional suppliers (m ainly UK), although a large part o f  the m otherboards used by A ST and Intel's system 
assembly plants cam e from regional suppliers (Ireland) as well.
26 Earlier drafts o f  these maps were presented at the Conference o f  Irish G eographers (Van Egeraat, 1999) 
and the Regional Science Association European Congress (Van Egeraat, Turok and Jacobson, 1999). The 
maps included in this thesis differ from these earlier drafts, partly because o f  the applicafion o f  a new 
categorisation and partly because plants were om itted/added, based on revised inform ation obtained in 
subsequent interviews with the focal com panies. The maps in this thesis are the sam e as those presented at 
the annual m eeting o f  the Association o f  Am erican Geographers 2002 (Van Egeraat, Jacobson, and Phelps, 
2002) and the conference Ireland 2020 (Van Egeraat and Jacobson, 2002).
27 This is an im portant distinction since m any suppliers supplied, or aspired to supply, a w ider range of 
com ponent and/or services. Thus, m any o f  the com panies involved in the supply o f  m edia and kits and the 
com panies involved in sub-assem bly often advertise them selves as 'turnkey com panies' or 'm anufacturing 
services com panies', w ith an ability to supply a range o f  com ponents and to provide a range o f  services, 
including full system  assembly. Sim ilarly most o f  the m ajor enclosure suppliers offered turnkey system 
assem bly services on a turnkey basis. However, the actual involvem ent o f  m ost suppliers was uni-
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The regional supply network included 109 companies and 125 plants and the majority of
plants were supplying two to three focal companies (see Appendix D). However, there
was less to this than meets the eye. The actual production activities in many plants were
very limited or added limited value to the product -  a characteristic captured by open
symbols in the maps. Thus, apart from limited digital printing activity, the eleven kitting
• 28plants were merely packaging media and other language specific parts into a box. 
Similarly, the five keyboard localisation plants were merely laser printing (non-current 
language) keyboards manufactured overseas. Finally, the production activities of the 
turnkey suppliers involved in rework activities were of a very limited nature.
Ten focal companies provided an estimate of expenditure on locally (Ireland or Scotland) 
manufactured components as a percentage of total expenditure. Figures were also 
provided for the share of components sourced in Ireland and Britain together. At the time 
the interviews were conducted, on average, ten per cent of the parts and components 
sourced by the focal companies in Ireland were manufactured in Ireland (ranging from 
seven to 12 per cent). The items manufactured in Britain were good for another four per 
cent on average (ranging from zero to nine). As regards the focal companies in Scotland, 
on average seven per cent of the material inputs was manufactured in Scotland (ranging 
from two to nine per cent).29 The items manufactured in the rest of Britain and Ireland 
made up another nine per cent (ranging from three to ten).
dim ensional (see A ppendix D). N otable exceptions involved Brands Electronics, Fullarton Com puter 
Industries and BG Turnkey Services.
28 For this reason, the plants involved in actual m edia production, that is, m anual litho-printing o f  manuals 
and CD-ROM  reproduction, were included as a separate category.
29 Packard Bell sourced an extrem ely low part o f  its material inputs in Scotland, largely due to the fact that 
the recently established plant was still in the process o f  forging local linkages.
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Table 5 .1 . Summary of geographical sources of parts and components and country of 
origin of suppliers_______________________  _________
M a te ria , in p u t M ain  ° f  partS C o u n ty  o f  o rig in  o f  su p p lie rs
Com plete com puter 
systems
M ainly Local, England and Taiwan; 
portables m ainly Taiwan
M ainly Taiwan; one indigenous 
com pany
Enclosures and racks M ainly Local and Far East for volum e 
m odels and portables; USA and local 
for less current m odels and racks
High volum e model: m ainly USA 
and Taiwan, and som e indigenous
M otherboards, backpanels 
and riser cards
For m ost focal com panies: M ainly Far 
East and, to a lesser extent, USA. For 
tw o focal com panies: m ainly Scotland 
and England
M ainly USA and, to a lesser 
extent, Asian.
M icroprocessors M ainly South-East Asia, small am ounts 
from Ireland; USA for proprietary 
technology
All USA
M emory M ainly Korea and Japan and small 
am ounts from USA and Europe
M ainly K orea and Japan and, to a 
lesser extent, USA
Hard disk drives Far East, notably Singapore N early all USA
Floppy drives; CD-ROM  
drives; CD-RW  drives and 
DVD drives
Far East N early all Japan
High capacity disc and 
tape drives
M ainly Far East for lower-end 
technology; USA, Far East, and Europe 
for higher-end technology
M ainly USA
Power supply Low-end: m ainly China, M alaysia and 
Thailand;
High-end: USA and, to a lesser extend, 
Far East, Europe and England
Lower-end: m ainly USA and 
Taiwan
High-end: M ainly USA, som e 
Europe and Far East
Heatsinks M ainly Far East, notably Taiwan; to a 
lesser extent USA and England
M ainly USA and Taiwan, one UK
Cooling fans M ainly Far East; to a lesser extent 
USA; som e England and Germ any
M ainly Japan and USA
Batteries and A C-adapter 
(for portables)
Far East Far East, notably Japan, and USA
M odems and network 
com ponents
M ainly Far East and USA, although 
four suppliers were m anufacturing in 
Ireland
M ainly USA; Canada, Japan, 
Taiwan, UK and Scandinavia all 
represented with one or two 
com panies
Graphics, video and sound 
cards
M ainly Far East, notably South-East 
Asia; Individual sources in USA, 
Canada, M exico and Germ any
M ainly USA and, to a lesser 
extent, Canada, Singapore and 
Japan
Cables and interconnect M ainly the Far East and, to a lesser 
extent, Ireland and Scotland.
M ainly USA and to a lesser extent 
UK and Far East and Ireland
Screws, fasteners and 
other c-class items
USA and, to a lesser extent, local Unclear, m ost likely USA and 
Indigenous
Displays M ainly Far East; W ales and England 
for som e models.
M ainly Japan, Korea and Taiwan
Keyboards, m ice and 
joysticks
All Far East, notably China and South- 
East Asia; printing o f  low volum e key­
board m odels local
Japan, Taiwan, Switzerland and 
som e USA
Printers M ainly Far East; to a lesser extent 
USA, Canada, Europe and England
USA and Japan
Continues on next page
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Table 5 .1 . Summary of geographical sources of parts and components and country of 
origin of suppliers (cont.)_____________________________  ____
M a te ria , in p u t M‘'°ezjr;zr'pm
Scanners (very small) Unclear, but not in Ireland or the UK USA and Europe
Digital cam eras (very 
small)
Far East Japan
Speakers and m icrophones M ainly Far East, notably China M ainly USA and, to a lesser 
extent Far East
D ocking stations Far East and on-site Japan, Taiwan and in-house
M edia W rapping: local;
Printed manuals: m ainly Ireland, and to 
a lesser extent Scotland;
CD replication: Ireland, Scotland, 
W ales, Germany, USA
W rapping: m ainly USA;
CD replication: m ainly USA and 
som e G erm any and Japan;
Printed manuals: m ainly USA and 
Ireland
Kits Local M ainly USA, som e indigenous
Packaging m aterial Local M ainly indigenous
Sub-assem bly services All local M ainly indigenous
In p u ts  fo r p rin ted  c ircu it b o a rd  assem bly  ac tiv ity
Etched boards M ainly Far East and USA M ainly USA; individual com panies 
Hong Kong, Taiwan, A ustria and 
UK
M icroprocessors and 
memory
See above See above
Other sem iconductors M ainly Far East; to a lesser extent, 
USA and Europe; alm ost no local
M ainly USA
Capacitors and resistors M ainly Far East M ainly Japan and, to a lesser 
extent, USA
Interconnect, jum pers, 
switches etc.
M ainly Far East and USA M ainly USA and som e Far East
The figures on local sourcing (Ireland or Scotland) presented above are substantially 
lower than those presented by the industrial development agencies in Ireland and 
Scotland (see section 4.4). Again, the most likely explanation for this is that the latter 
figures include items bought from local turnkey supply-chain-managers but manufactured 
in other regions. The detailed investigation of the supply chains in the microcomputer 
hardware industry in this dissertation does not support the idea, expressed by some 
academics (Estall, 1985; Kenney and Florida, 1992; Mair, Florida, and Kenney, 1988), 
that the adoption of NHVP approaches will significantly increase the proportion of 
material inputs manufactured in the local economy
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Figure 5.1. Suppliers of the Irish microcomputer assembly plants in Ireland and Britain. 1998-99
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Figure 5.2. Suppliers of the Scottish microcomputer assembly plants in Ireland and Britain. 1998-99
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I  microcomputer assembly plant 
I~1 compl. system assembly (subcontracting) 
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some sub-assembly
• media (printing and disc reproduction)
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O keyboard localisation (key-cap printing)
• cables, connectors, terminators, etc.
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» monitors
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Source: company interviews
The regional supply networks were geographically concentrated in Ireland and Scotland. 
Only one supplier was located in Northern Ireland and less than 20 plants were diffusely 
located in England and Wales. The regional suppliers of the focal companies in Ireland 
were mainly concentrated in Ireland. Thus, virtually all regional suppliers of enclosures, 
cables, media, packaging, network cards, c-class items, and localised keyboards, as well 
as the sub-assemblers, were concentrated in Ireland. The exceptions were the suppliers of 
motherboards, which were spread over Scotland, Ireland and England, and the suppliers 
of monitors, which were located in England and Wales. Within Ireland, keyboard 
localisation and kitting facilities, subcontractors and packaging material plants, tended to 
be located close to their customers. However, for other supplies, including enclosures, the 
focal companies maintained links with plants located in any of the three main industrial 
regions (i.e., Dublin, Cork, Limerick/Shannon), as well as with plants located elsewhere 
in Ireland.
Similarly, the regional suppliers of the focal companies in Scotland were concentrated in 
Scotland. All regional suppliers of packaging, c-class items, keyboard localisation 
facilities, kitters and sub-assemblers, as well as the majority of suppliers of cables, 
enclosures and motherboards/backpanels were concentrated in Scotland. The suppliers of 
metal and plastic parts appear to be less concentrated, with five suppliers located in 
Ireland. However, in all but one case, this involved the supply of low volume enclosures 
or racks or small metal brackets. The majority of actual media manufacturing plants were 
located in Dublin but the output of these plants formed an input for the kitting plants 
located in Scotland. Again, the regional monitor suppliers were located in England and 
Wales. Furthermore, most other higher-end technology suppliers were more spread over 
the region, located mainly in Ireland (Intel, Quantum and three network card suppliers) 
and England (inter alia, four suppliers of power supply and/or cooling components). 
Finally, assemblers of complete computer systems were spread over Scotland and 
England.30
30 However, the tw o plants involved in the more traditional 'free-issue' subcontracting m odel, i.e. APW / 
Horm an E lectronics in Ireland and Fullarton in Scotland, were both located very near their custom ers.
2 2 2
This section outlined the geographical configuration of the microcomputer supply 
network. The remainder of this chapter will be used to analyse the forces that shaped this 
geography and to establish the relevance of the various research patterns set out in 
Chapter 2
5.3  Relevance of Technical Information Exchange and Logistical Efficiency as 
Drivers for Proxim ity
The previous section showed that the vast majority of components and parts were 
imported from regions outside Ireland and Britain. Still, the focal companies did receive 
some of their material requirements from suppliers located in Ireland or Britain. This 
section will analyse the extent to which the choice of the regional suppliers was driven by 
either of the two NHVP-related buyer-supplier proximity drivers as outlined in Chapter 2: 
efficient technical information exchange and logistical efficiency.
During the second round of interviews, conducted in the second half of 1999, the 
interviewees were presented with a list of their regional suppliers. First, the question was 
asked whether the choice for individual local suppliers was influenced by the fact that 
these suppliers had a regional manufacturing presence. Subsequently, the question was 
asked to what extent the choice for a particular local supplier had been influenced by one 
of the two theoretical drivers. Interviewees were asked to score on a scale from one (this 
driver played no role) to seven (this driver played a very important role). The results are 
presented in Table 5.2. Each row indicates a component that was sourced regionally by 
one or more focal companies. In relation to each component, the scores for individual 
suppliers at ten focal companies have been added and the averages have been presented 
in two columns. When interpreting the data it is important to remember that in relation to 
a number of components, notably memory, tapes, cooling fans, heat sinks, printers and 
microphones, the scores pertain to a very small number of regional suppliers used by a 
very small number of focal companies.
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Table 5.2. Drivers for choosing a supplier with a regional manufacturing presence
m n n
Packaging m aterial 7 6
M edia and kits 7 4
Enclosures and small m etal and plastic parts 7 4
Com plete com puter system s (CEM ) 6 4
Printed labels 5 3
Keyboard localisation 5 2
Cooling fans 5 1
M otherboards/backpanels/riser cards 5 3
Cables and interconnect 4 2
Display m onitors 4 2
Hard disk drives 13“ 2
M icroprocessors T ~ 1
M emory l 1
M odems and network com ponents l 1
Tapes l 1
Heat sinks l 1
M icrophone l 1
Printers No data No data
Source: com pany interviews, 1999
The table shows that the importance of the two drivers differs from component to 
component. It is clear that, where proximity was the result of a deliberate choice to deal 
with a supplier with a local manufacturing presence, logistical efficiency was the 
principal driver. Thus, as regards logistical efficiency, complete computer systems, 
enclosures, media/kits and packaging material all received an average score of seven or 
six, indicating that this driver played a very important role in the decision to choose a 
supplier with a regional manufacturing presence. Motherboards/backpanels, cooling fans, 
cables and interconnect, printed labels and localised keyboards received an average score 
of five, indicating that logistical efficiency played a relatively important role here as well.
In contrast, efficient technical information exchange proved an important driver only in 
relation to regional suppliers of packaging material. Complete computer systems, 
enclosures and media kits all received an average score of four, while 
motherboards/backpanels and printed labels received an average score of three, indicating 
that the driver played only a modest role. In all other cases, the driver played no role of 
significance.
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In relation to the regional suppliers of microprocessors, memory, hard disk drives, tapes, 
heat sinks, modems/ network components and microphones, neither driver appears to 
have played a role of significance. In these cases the link with particular regional 
suppliers was 'coincidental', i.e. not the result of a deliberate choice for buyer-supplier 
proximity. The location of these suppliers, often involved in the manufacture of 
technology-rich components, is more likely driven by the suppliers’ desire to take 
advantage of the regional production climate.
Focussing on technical information exchange, the lack of substantial regionally specific 
product development functions meant that, in relation to most components, European 
operations had a very limited involvement in technological co-ordination and information 
exchange with their suppliers. As discussed in Chapter 4, in relation to most components, 
the involvement of European operations in technological co-ordination with suppliers 
mainly concerned ongoing day-to-day operational issues such as failure analysis and the 
discussion of general quality issues. This exchange of technical information presented a 
very weak driver for supplier co-location. The quality engineers of the focal plants were 
in regular, in some cases daily, face-to-face communication with the main suppliers. 
However, generally, the exchange could be, and was, handled by local supplier 
representatives such as account managers, sales engineers or field-application engineers 
and did not necessarily require contact with the engineers employed at the suppliers' 
production and design facilities. It was only in the case of major problems that the 
suppliers' production or design engineers would become involved in the communication. 
However, this relatively infrequent contact presented no driver for the co-location of fully 
integrated supplier facilities. Similarly the more formal supplier review meetings, that 
involved suppliers' production or design engineers, took place on a half-yearly or yearly 
basis and presented no driver for co-location.
The above mentioned representatives were not only the first port-of-call for day-to-day 
quality issues but would interact on sales/purchasing planning, logistics and training 
issues as well. In fact, interviewees found it difficult to distinguish between the various 
roles, and the scores in Table 5.2 for technical information exchange, in relation to
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keyboards, cooling fans, motherboards/backpanels, cables/interconnect, monitors, hard 
disk drives and complete systems, for a large part pertain to demand-level 
communications with the local account managers.
As discussed in Chapter 4, in relation to some components such as enclosures and 
motherboards/backpanels, engineers of the European operations played a role in the 
ramping-up of suppliers' production facilities. Production engineers of the focal 
companies could be involved in the organisation of the introduction of an existing tool to 
a regional supplier and in the qualification of the suppliers' production processes. The 
communication involved face-to-face meetings at the suppliers' production facilities. 
However, engineering change orders would take place twice a year at most and the non- 
intensive information exchange involved posed only a weak driver for buyer-supplier 
proximity. Furthermore, as discussed, the meetings with the supplier engineers often 
included engineers from corporate production/design facilities located in the USA. Thus, 
any communication efficiency gain related to the location of suppliers relative to the 
European operations could be partly off-set by an efficiency loss due to the distance of 
the supplier to the focal companies' corporate production/design facilities.
As discussed in Chapter 4, European operations played a more substantial role in relation 
to some less-strategic components. Thus, the technological co-ordination and information 
exchange in relation to packaging, media/kits, certain cables and printed labels was 
typically handled entirely by the European operations. However, in most cases the 
technical information exchange was of a non-intensive nature posing a weak driver for 
buyer-supplier proximity. The European operations have very regular face-to-face contact 
with the local suppliers of media and kits but most of the communication could be 
handled by an account manager of the supplier and would concern mainly demand level 
issues. The exceptions were packaging material and, in a small number of cases, cables. 
Packaging and some of the cables are changed or modified on a very regular basis and 
engineers of European operations had very frequent face-to-face meetings with 
design/production engineers of local suppliers, discussing, inter alia, design, tooling and
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qualification issues. This information exchange did represent a relatively important driver 
for buyer-supplier proximity.31
Thus, European operations had only a limited role in technological co-ordination with 
suppliers and the non-intensive information exchange involved presented only a weak 
driver for supplier co-location. However, other information gathered during the 
interviews32 suggests that even if the European operations had played a bigger role in the 
corporate process of technological co-ordination with suppliers, this would probably not 
have resulted in supplier co-location anyway.
As discussed in Chapter 4, the design of many components, notably enclosures and 
motherboards, but also microprocessors, displays and hard disk drives still involved a 
substantial amount of technological co-ordination between the corporate design facilities 
and the suppliers. This co-ordination involved a substantial exchange of technical 
information. However, even at the corporate design/production facilities, efficiency in the 
exchange of technical information did not pose a strong driver for supplier co-location. 
The interviews showed two things. First, much of the technical information could be 
exchanged using non-face-to-face modes of communication, such as electronic mail or 
tele-conferencing. In relation to this IBM's director of development mentioned:
It [proxim ity o f  suppliers] is useful but not essential. Most o f  the stu ff is transm itted 
electronically, the drawings, the requirem ents, the specifications. ... The engineers will visit 
the supplier only for m ajor process checkpoints, like at the end o f  the design phase. ... Again,
I think geography, is becom ing less and less o f  an issue. It is much more down to the ability 
to interchange -  how good is the com pany w orking electronically and how fast are they 
responding. ... [As to the suppliers with local facilities] our engineers will m eet them 
regularly. Everyday we send them new drawings, new inform ation. They are looking at our 
tooling developm ent -  very close face-to-face inform ation and telephone type 
com m unication. The local is interesting, but equally we do business with the Far East, and
31 This kind o f  frequent inform ation exchange pertains to a limited num ber o f  specialised internal cables 
only. The im portance o f  the driver in these limited num ber o f  cases has found no expression in the average 
figures on technical inform ation exchange in Table 5.2.
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we are also developing products in the Far East and we talk to them daily on conference 
calls. But we w ould not m eet them face-to-face regularly. So there is a benefit to have them  
local, but that does not mean that we w ill only source locally. (Interview  Higgy, IBM, July
1999).
Secondly, in those cases where face-to-face communication with engineers of the 
suppliers' design/production facilities was required, this could be efficiently organised 
through frequent long-distance travel by engineers of both partners or through the short­
term out-stationing of design engineers, either at the facilities of the customer or the 
supplier -  it did not require the co-location of integrated supplier operations. Thus, during 
the development phase, the focal companies would receive frequent visits from engineers 
of the suppliers' design/manufacturing facilities or, in some cases, have them stationed at 
the design facilities for a number of weeks. The latter would certainly be the case with 
the more strategic suppliers, e.g. suppliers of microprocessors. Alternatively, the focal 
companies assigned design staff to work for a period at the design facilities of suppliers. 
Furthermore, some of the technical information exchange could be handled by the above- 
mentioned sales engineers or a small local general support office. "A lot of suppliers, 
regardless of where they are situated, have Digital accounts people, who are engineering 
type sales people, situated in the Massachusetts area, purely to focus on Digital R&D" 
(Interview Cairns, Digital, July 1999).
The explanation for the limited amount of co-location between corporate design facilities 
and suppliers is probably two-fold. First, leaning on the ideas and findings of Arita and 
McCann (2000) (see section 2.4.3), most of the partnerships in the microcomputer 
industry fall in the category ‘manufacturing’. The technical information exchange 
involved in these ‘lower-order alliances’ is of a relatively low intensity, i.e. the detail and 
sensitivity of the technical information exchanged is relatively low. Therefore, 
technological co-ordination requires low levels of face-to-face contact. Secondly, part of 
the explanation might lie in the fact that the focal companies and most of their suppliers 
are all large global organisations. Arita and McCann found that intensive formal technical
32 The interviews included questions regarding the m ode and intensity o f  technical inform ation exchange 
between corporate design facilities and the suppliers. Furtherm ore, sim ilar inform ation was obtained in
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information exchange posed a driver for proximity -  although, even then, only on the 
scale of one day's return journey by air. However, their study involved small US 
semiconductor firms only. It is likely that technical information exchange, even the more 
intensive exchanges, are a less spatially restrictive issue for large multinational 
organisations.
To summarise, in contrast to the suggestions of Reid (1995) and Schoenberger (1997), 
efficiency in technical information exchange was a relatively insignificant driver for 
buyer-supplier proximity. This can be partly explained by the fact that the global business 
models of the focal companies did not require substantial regionally specific product 
development and the European operations did therefore not incorporate substantial local- 
for-local R&D groups. In relation to most components, the technical information 
exchange between the engineers of the European operations and the suppliers was 
relatively unintensive and a locally based representative of the suppliers could handle 
most communication.
Even if European operations had played a bigger role in the corporate process of 
technological co-ordination with suppliers, this would not have resulted in supplier co- 
location anyway. Even at the corporate R&D facilities, efficiency in technical 
information did not pose a strong driver for buyer-supplier proximity. A large part of the 
technical information exchange was unintensive and did not require face-to-face contact 
and in those cases where face-to-face communication was required, it was relatively easy 
to organise the exchange, in an efficient way, with suppliers located further afield. 
Furthermore, part of the explanation might lie in the fact that all focal companies and 
most of their suppliers were part of large global organisations. Large MNEs are more 
used to exchanging detailed and complex information on a global basis.
Where proximity was the result of a deliberate choice to deal with a supplier with a local 
manufacturing presence, logistical efficiency was the principal driver. However, in 
relation to a substantial number of regionally sourced components the co-location was
relation to the on-site system developm ent operations o f  IBM and Digital in Scotland.
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coincidental -  i.e., neither driver played a role of significance in the focal companies' 
decision to use a regional source. Furthermore, as outlined in section 5.2, the vast 
majority of components were imported from other continents and even some of the 
components characterised by significant regional sourcing were sourced from other 
continents as well.
The data presented thus far clearly provide very limited support for research patterns la 
and lb as outlined in Chapter 2. The remainder of the chapter investigates whether the 
geographical configuration of the production networks matches research pattern 2a or 2b, 
i.e. whether the limited local linkage formation came about in the context of an optimal 
inbound logistics system, taking full account of the modern comprehensive logistics 
management principles or in the context of a sub-optimal inbound logistics system. Most 
of the answer will be provided in section 5.5 where data are presented on inventory 
levels, shipment frequencies and modes of transport. However, the analysis of shipment 
frequencies and inventory levels requires an insight into the way focal companies had 
structured their inbound logistics pipelines -  the rise of 'hubbing', a recent development 
which in itself merits extra attention.
5.4 Inbound Pipeline Strategies and Structures
The fact that the vast majority of components and parts were imported from other 
continents meant that the inbound pipeline had to involve certain inbound inventory 
levels, if only to buffer against extended transit lead times. However, as was briefly 
outlined in section 2.4.4, the location of these inventories and the arrangements as regards 
ownership of the material can take different forms. This section will deal with the 
innovative way the focal companies in Ireland and Scotland had structured their inbound 
logistics pipelines. The first section describes the general trend in the industry -  the rise 
of 'hubbing'. A detailed description of the specific strategies and arrangements of 
individual focal companies is provided in Appendix E. The second section will focus on 
the advantages of the hubbing system.
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5.4.1 The Rise o f Hubbing
Until the mid-1990s, the focal companies had a mix of inbound logistical arrangements. 
A small part of the inputs was already manufactured and supplied on an almost true JIT 
basis, involving minimal buffer inventories33. However, the supply chain of most 
components still involved larger buffer stocks, in most cases stored in customers' 
warehouses as customer-owned inventory. In most cases these components were supplied 
on the basis of a push-model, with vendors reacting to relatively inflexible purchase 
orders, detailing a fixed amount of product and a fixed delivery date on which customers 
had to accept the material. Supplies could either come direct from the suppliers' 
manufacturing facilities or be delivered via the suppliers' regional warehouses.
Since the mid-1990s, the strategy of nearly all focal companies had been shifting towards 
a 'hubbing' system. In a hubbing system, suppliers that are not able to supply their 
customers directly from their manufacturing facilities within a certain lead-time are 
requested to hold an agreed minimum amount of inventory at a location near to their 
customers -  the 'hub'. On a very frequent basis, the customers pull from these hubs, either 
their exact material requirements (pull-to-schedule) or the amount necessary to replenish 
minimal on-site buffers (kan-bari). The suppliers have the responsibility for maintaining 
sufficient inventories in the hubs and hold title to these inventories. Suppliers produce 
and deliver on the basis of very flexible purchase orders, often 'blanket purchase orders'34. 
In many cases customers are not contractually obliged to take the material in the hub and 
they will only own the material from the moment they pull it from the hubs.
The hubbing system strongly reduced the amount of inbound inventory on the books of 
the focal companies. It is the hubbing system that partly explains the discrepancy 
between the use of overseas component sources and the high inventory turns published 
by some of the focal companies (Casey, 1997; Oram, 1997). The level of inventories on
Apple had im plem ented true JIT supply system s for selected com ponents as early as 1983 ( International 
Business W eek, 14-05-84).
34 A blanket purchase order is no more than a com m itm ent o f  the custom er to purchase a certain am ount o f 
m aterial over a certain period o f  tim e -  more and m ore the entire life-cycle o f  a particular model.
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the books of the customers depended on the frequency of supplies and, thus, the distance 
between the focal companies and the hubs or the direct suppliers. Delivery lead-time 
requirements varied from 24 hours to as low as one hour and some focal companies had 
organised hubbing facilities on-site. The trend was in the direction of shorter and shorter 
lead times which allowed companies to pull materials multiple times a day, leading to 
extremely low inventory levels on the books of the suppliers.
The hubbing system involved warehouses owned by the supplier, the customer, or by a 
third party. Some of the focal companies pulled material from a multitude of hubs, 
individually organised by the various suppliers, i.e. 'vendor hubs'. However, there was an 
increasing trend to consolidate the hubbed inventories into one or two super-hubs. This 
significantly improved the visibility of the hubbed inventories and the inbound pipeline in 
general and it reduced the complexity of the pull system. Some companies managed their 
own super hub. However, in most cases these super-hubs were managed by third-party - 
logistics (3pl) providers that offered integrated logistics services from facilities located in 
close proximity to the focal companies (see Figure 5.3). These '3pl hubs' could serve 
several focal companies.35
35 The term 'hubbing* carries different m eanings in the industry. M ost com panies used the term for both 3pl 
hubs and vendor hubs. Some com panies reserved the term for 3pl hubs only. O ther com panies referred to 
all hubbing as 'vendor-hubbing'. In this dissertation, a distinction will be m ade between 3pl hubs and 
vendor hubs. 3pl hubs are the super hubs m anaged by third party logistics providers while the vendor hubs 
are the hubs chosen and arranged by the individual vendors. However, the distinction is not watertight: 
some vendors m ade their own hubbing arrangem ents with a third-party-logistics provider that had no 
explicit partnership with the particular focal com pany.
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Figure 5.3. Location of main third party logistics hubs in Ireland and Scotland - 1998
The focal companies still used a range of other pipeline structures, including true JIT. But 
most structures had one thing in common with the hubbing system: they involved locally 
stored inventories on the books of the suppliers. Thus, focal companies were making 
increasing use of turnkey supply-chain-managers. In contrast to hubbing, a turnkey 
supply-chain-manager not only organises the logistics of components but actually buys 
and holds title to components until they are delivered to the assembly plants, i.e. they 
supply on a turnkey basis. From an inbound logistics point of view, there was not much 
difference between receiving supplies from a local hub or from a turnkey supply-chain- 
manager. In both cases the customer pulled on a very frequent basis from agreed buffers 
owned by the supplier/supply-chain-manager located in close proximity.
Although some local suppliers were genuinely producing on a true JIT basis, in many 
cases local suppliers were requested to hold (at their own premises) minimum buffers of 
finished goods at levels similar to those requested from suppliers delivering through the 
hubs. Customers did not have to take the material and did not own it until the moment 
they pulled it from the local suppliers. Again, in those cases there was not that much 
difference between a hub and a local supplier -  the focal companies basically pulled from 
agreed buffers owned by the supplier. ♦
Finally, a very small number of items at a small number of focal companies were still 
supplied on a more traditional basis, involving specific purchase orders. Once the orders 
were placed customers had to take delivery and, in principle, there was no guarantee that 
material would be available when ordered. However, typically the suppliers involved 
would stock inventories at regional warehouses so that customer’s needed to hold very 
little inventories. Although, in principle, there were no agreed inventory levels, in 
practice, focal companies pulled from inventories owned by the supplier.
5.4.2 Advantages of Hubbing
The use of hubs brings great apparent advantages for the customer companies. It greatly 
reduces the average inventories on the customers’ books, particularly in an environment
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of BTO strategies, short order lead times and unpredictable demand (see Chapter 4). 
Therefore, for the customer, it reduces the interest costs of holding inventories, the 
quantity costs, the risk of obsolescence and the costs related to owning and managing 
warehouses.
In relation to the research questions of this dissertation, it is important to look at the 
meaning of hubbing for the supply chain as a whole. The hubbing system does involve 
inbound inventories owned by the suppliers. As discussed in section 2.4.4, some have 
interpreted the hubbing system as a pseudo JIT system that holds little benefit for the 
supply chain as a whole since the costs of inventory remain in the system (Lamming, 
1993). Suppliers are allegedly ’forced to eat inventories' (Morris, Munday, and 
Wilkinson, 1993; Roper, Prabhu, and Van Zwanenberg, 1997) and the burden of 
inventory is therefore simply transferred from the customers to the suppliers.
However, the use of hubs, in itself, does not necessarily mean that the supply system is 
sub-optimal. The actual ownership and location of the inbound inventories has no 
relevance from a supply-chain-efficiency point of view. The fact that the supply system 
diverges from the prototypical true JIT picture does not mean that the comprehensive 
logistics management principles are not appreciated. In order to determine whether the 
storage of inventories in hubs involves an optimal or a sub-optimal supply system one 
requires data on the actual size of the inventories, the shipment frequencies and the mode 
of transport. These data will be presented in section 5.5.2. However, additional 
information regarding the detail of the hubbing arrangements/contracts can already cast 
some light on the issue and will be presented here.
As regards the idea of suppliers being forced to eat inventories, unsolicited statements by 
a number of interviewees suggest that supplier power did have some influence on the 
pipeline structure, i.e. on the question whether components are hubbed or not: ’’Although 
it is a partner, Intel will not hub. It is just the way Intel are, strong, very big. Dell asked 
them to hub, but they are a very difficult company to deal with" (Interview Walsh, Dell, 
October 1999). "Off course, Intel won't hub and a few others with technical power"
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(Interview Tyldsley, Digital, February 1999).36 This might mean that suppliers that 
lacked the necessary power were forced to carry the burden of inventories.
On the other hand, suppliers were compensated for hubbing. Both the level of the 
inventories and the charges for the service were negotiated and, typically, focal 
companies were paying more than the standard price for hubbed components37:
Yes we pay for [hubbing]. ... It is like am ortised over the costs o f  the com ponents we pay. It 
is a couple o f  cents a part that we pay for this facility, to gain my turns, to gain m y low 
inventory holdings ... [Interviewer: but in principle it is a zero-sum  gam e for the system?] 
Overall, yes ... the costs o f  the inventory ... ultim ately I pay for it, absolutely (Interview  
Flynn, Gateway, M arch 2000).
Furthermore, hubbing contracts could involve different liability clauses which meant that 
the risk of obsolescence was not always entirely transferred to the supplier. Thus 
although in case of many components the focal companies were not liable to take the 
inventories in the hub at any stage, in other cases, particularly in cases of customised 
components, focal companies had to take the material in the pipeline after a certain 
period. Anyway, the risk of obsolescence of hubbed materials was generally kept to a 
minimum. As discussed in Chapter 4, the partners were intensively sharing information 
regarding inventory data and demand forecasts which, as will be discussed in the next 
section, allowed them to tightly manage the inventories in the hubs. The issue of 
obsolescence generally only arrived if a component was prematurely reaching end-of life. 
However, even in those cases, flexible marketing would make obsolescence a relative 
concept:
If the supplier is located in South-East Asia ... and if  I know that there is two plus six weeks 
worth o f  inventory on the way to me, our new product introduction will not happen until that 
is drained ... [We] are always going to use it up. ... Our business m odel allows us to drive
36 On the other hand, in 2001 even Intel planned to start hubbing its m icroprocessors (Interview  Darragh, 
Com paq, April 2001).
37 Only one interviewee, at IBM, suggested that after negotiation he was basically not paying for the 
hubbing service.
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w hatever dem and w e want, that is the beauty o f  the thing (.Interview Flynn, Gateway, M arch
2000).
Even if the focal companies were not contractually liable to take the product in the 
pipeline, they would not simply leave suppliers with the inventories. Companies would 
generally get into end-of-life negotiations and work closely with the supplier to try and 
bring the inventories down.
So if suppliers are compensated for maintaining inventories in the hubs and the focal 
companies have to bear the cost of inventories anyway, the question arises: what drives 
the rise of hubbing? The answer can be found in several other advantages of hubbing. 
First, a hubbing system, as opposed to a system where each individual focal company 
carries its own inventories, provides economies of scale in the management of industry 
standard inventories and allows total inventories to be reduced since inventories in the 
hubs are being switched between various focal companies. " [Gateway's] buyers get calls 
regularly where they [the 3pl provider] say, 'IBM has been on to us and would you mind 
if we took two days worth of inventory and give it to somebody else'. And I say 'that is 
fine'. Because it works both ways" (Interview Flynn, Gateway, September 1999). This 
practice can be related to the concept of 'agile manufacturing' (Jackson, 1998). Agile 
manufacturing is the stitching of lean enterprises into informal alliances. If one 
participant has a surge in demand, it can exploit any slack remaining in the system as a 
whole. It can be seen as the answer to the inflexibility of lean production, which can not 
deal with quick surges in demand. In a similar way hubbing can be interpreted as 'agile 
logistics'.
Secondly, most focal companies were extremely focussed on short-term performance 
indicators, such as return on investment, and hubbing allowed them to improve some of 
these indicators. As one interviewee put it: "Gateway is a public company ... the first 
thing a Street analyst will look for is our inventory and our turns. Obviously this is a huge 
opportunity" (Interview Flynn, Gateway, 1999). Thirdly, where the main hubs are located 
off-site, hubbing can ease space constraints for value added activities on site.
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The use of 3pl hubs creates additional advantages over the use of vendor hubs. Both 
customers and suppliers can tap into the full set of integrated services offered by the 3pl 
providers. The bigger 3pl providers have the capability to efficiently organise the 
inbound supply chain ’from birth-to-death', stationing staff on-site at the suppliers' 
overseas facilities, arranging customs and duty requirements, hubbing the materials 
locally and delivering the materials to the customers' plants on a JIT-basis. The bigger 3pl 
providers have developed core technologies and competencies in the area of logistics and 
supply-chain-management that customers can benefit from. Thus companies like Irish 
Express Cargo (IEC) and Walsh Western have developed or acquired sophisticated EDI, 
satellite tracking, radio-frequency scanning and automated customs handling systems that 
link airlines shipping lines and world-wide partners (Aheme, 1999; Casey, 1998; Dunne, 
1998; Lyons, 1998). These systems provide a high degree of inbound pipeline visibility. 
These capabilities and competencies are not always present at the logistics departments of 
the individual customers or suppliers. Finally, the use of 3pl hubs provides a ready-made 
warehousing solution for smaller suppliers that do not have the resources to arrange a 
local warehouse of their own.
5 .5  Optimal or Sub-optim al Inbound Logistics Solutions
This section investigates whether the limited local linkage formation and the use of 
inbound buffers came about in the context of an optimal or a sub-optimal inbound 
logistics system. The first sub-section present the definitions of the key logistics data 
used in the analysis. Using these data along with additional qualitative data, the next two 
sub-sections show how tightly the inbound inventories were managed and how 
component characteristics and contextual conditions affected logistics management and 
the geography of the linkages.
All data and information presented in this section pertain to the situation during the time 
the first interviews were conducted (second half 1998—first quarter 1999). The data were 
obtained during the first, second and third round of interviews, although most data were 
gathered in the second and third round of interviews, conducted in the second half of
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1999 and the second quarter of 2001. Three of the focal companies were unable to co­
operate in the third round of interviews.38 Therefore, regarding these three companies, 
few key logistics data were obtained, although some information was available from the 
earlier rounds of interviews.
5.5.1 Key Inbound Logistics Data Collected
The focal companies provided data on inbound inventory levels, shipment frequencies 
and modes of transport pertaining to individual component pipelines.39 The responses of 
the individual focal companies have been listed in Appendix F. This section provides 
more precise definitions of the data provided. The interpretation will follow in the next 
section.
As regards the inbound inventory levels, all focal companies worked with target buffers 
which meant that they tried to maintain a certain level of inbound inventories. The target 
levels pertained to the planned or preferred circumstances. Actual inventory levels 
typically fluctuated around this target level. Actual inventory levels of certain 
components could be lower on a more routine basis due to constrained supply. During the 
time the first interviews were conducted, 1998 and 1999, the microcomputer industry was 
growing at a rapid rate and from time to time focal companies were confronted with 
constrained supply for certain components. Similarly, availability could be constrained in 
case of new innovations where suppliers had not yet put a mature manufacturing process 
in place.
38 By the time o f  the third round o f  interviews, Packard Bell had undergone restructuring and new 
m anagem ent withdrew their co-operation. Intel and A ST were no longer m anufacturing com puter systems 
in Ireland and contact with the interviewees that co-operated in the first and second phase was lost. The 
Digital plant had been fully integrated into the C om paq organisation and the Apricot plant had closed. 
However, in relation to the latter two com panies, contact with two o f  the interviewees that co-operated in 
the first and second round o f  interviews had been m aintained and both interviewees co-operated in the third 
round o f  interviews.
39 The focal com panies were able to provide a great am ount o f  detailed logistics data. However, with 
respect to  a minority o f  com ponent categories, e.g. printed labels, screws and fasteners, most focal 
com panies were not strongly involved in the organisation o f  the inbound logistics pipeline. In those few 
cases, the inform ation on target inventory levels, shipm ent frequencies and m ode o f  transport was based on 
interviewees' informed assumptions.
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From the description of the pipeline strategies and structures in section 5.4 it is clear that 
inbound buffers of the focal companies included more than the inventories stored at the 
focal companies. Indeed, in most cases the largest part of the buffers was stored at the 
hubs or at the suppliers' local or regional manufacturing facilities. In some cases, the 
buffers were split between the hubs/ regional manufacturing facilities and the focal 
companies' warehouses. The data on target buffer levels in Table F.l represent buffers 
kept at hubs, suppliers' local/regional manufacturing facilities, warehouses of the focal 
companies, turnkey supply-chain-managers or at a combination of these facilities. The 
data do not include the (small) inventories kept at the plants of the focal companies in the 
context of hubbing or true JIT supply. As discussed in section 5.4.1, focal companies 
pulled material from the hubs into their manufacturing plants on a very frequent basis -  
typically multiple times a day. The system still required certain buffers at the 
manufacturing facilities of the focal companies -  the level depending on the frequency of 
supply. In most cases the size of these on-site buffers was minimal and has therefore not 
been included in the figures on target buffer levels. Only Apricot, due to the lower 
volumes of inputs required and greater distance of the hubs, pulled on a less frequent 
basis, leading to on-site inbound inventory levels of three to four days.
As regards shipment frequency, the ultimate aim was to establish the fluctuations of the 
buffer inventories. Therefore, in most cases companies were asked to provide data on the 
frequency of shipment from the location of component manufacturing to the location of 
the main buffers (either at the local hubs or the warehouses of the focal companies). A 
problem arose where the main buffers were positioned at the suppliers' manufacturing 
facilities, as was often the case with pipelines of inputs manufactured in Ireland or the 
UK. Here, the concept of target shipment frequency from the location of manufacturing 
to the location of the main buffer was not relevant since the buffers were fed directly 
from the manufacturing lines. Where this was the case, Table F.2 does not list figures for 
the frequency of shipment into the main buffers. However, a figure is provided between 
brackets, representing the frequency of shipment from the suppliers' facilities to the focal 
companies.
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Focal companies were asked for the target rather than the actual shipment frequencies. 
The target shipment frequencies pertain to ideal situations of relatively stable production 
schedules and unconstrained supply. It was not uncommon for the focal companies to be 
confronted with large non-forecasted spikes in demand and constrained supply. In these 
situations the focal companies could be forced to fly in material and increase the actual 
frequency of shipments. However, these situations were not the norm. Strategic decisions 
-  notably the choice of suppliers -  were made on the basis of what was expected to be 
’normal' practice. Hence, target shipment frequencies were more important in the context 
of this thesis.
In order to be able to combine the data on target shipment frequencies with the data on 
target inventory levels, in Table F.2 the shipment frequencies have been expressed in 
number of working days between shipments. Thus, weekly shipments are indicated as ’5’ 
(working days between shipments) and bi-weekly shipments are indicated as '10' 
(working days between shipments), and so forth. Interviewees regularly used less precise 
statements. In relation to this, the answer 'a couple of shipments a week', has been coded 
as '3' (days between shipments). 'Three shipments a week' has been coded as '2* (days 
between shipment).
Finally, responding focal companies were asked to indicate the preferred mode of 
transport pertaining to the various material inputs, i.e. truck combined with ferry, ship 
(ocean) or plane. In effect, the question was only relevant in relation to items imported 
from other continents. Items manufactured in Europe, the UK and Ireland were invariably 
transported by truck. Again, the responses listed in Table F.3, pertain to ideal situations 
of relatively stable production schedules and unconstrained supply. In face of extreme 
non-forecasted spikes in demand and constrained supply companies often expedited 
shipments which could involve the use of a different, faster, mode of transport. Although 
in relation to some components the preferred mode of transport differed between 
companies, in most cases it was possible to identify a typical preferred mode of transport. 
These are listed in Table F.3 as well.
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To establish how tightly the focal companies managed their inbound logistics, the next 
section discusses the key logistics data along with additional qualitative data obtained 
during the interviews.
5.5.2 Were the Inbound Inventories Tightly Managed?
The focal companies imported the vast majority of components and parts from regions 
outside Ireland and Britain, notably from the Far East and the pipelines of most 
components involved inbound inventories, often hubbed in local warehouses. However, 
this section will show that the inbound pipelines were not managed on a sub-optimal 
basis.
The costs of holding inventories were well appreciated in all focal companies as can be 
illustrated by the following two extracts (additional support for this point has been 
provided by Nolan, 1997):
If the m aterial is extrem ely valuable the supplier could have millions o f  dollars in ju st one 
hub. If  you m ultiply the num ber o f  hubs by the dollars in each hub, the cost o f  financing this 
inventory is prohibitive. In this instance the suppliers would negotiate a sm aller buffer stock 
with frequent replenishm ent. ... In general the higher cost items (processors, m otherboards) 
would be the parts that change from m odel to model. The life expectancy o f  our products has 
shrunk down to as little as three to six months. The last thing w e would w ant is to go end-of- 
life with m illions o f  dollars worth o f  parts in our hub at our liability. ... M ost o f  our product 
we tend to air-freight ... W ith a short life cycle, which we have with m ost o f  our product we 
tend to use air-freight ... because we don't w ant to end up w ith a lot o f  excess and obsolete 
[material] before the end-of-life (Interview  Barry, Apple, Dec. 2001).
I f  you look at our financial perform ance over recent years we w ill typically have increased 
our inventoiy turns from the order o f  12 to 14-16. And we believe speed is an absolutely 
essential requirem ent to get your inventory turns up. ... The cost o f  inventory is very 
expensive. ... The other thing is our product life cycles ... it does not lend itself for product 
being on the sea for six w eeks or som ething (Interview  Steven, Sun, M ay 2001).
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This is reflected in the way companies managed their inbound inventories. The following 
quote illustrates the great level of control focal companies kept over the inbound 
inventories and pipelines:
I give them [the suppliers] my M RP every week for that product and I expect them to m anage 
the chain between them and the hub, I expect them to turn it up, down, slow it fasten it and 
manage it so that I always have 10 days in the hub. ... We run queries here every day by part 
num ber which sends out an exception report which shows me w hat suppliers have less than 
10 days. And the buyers call them. And it also shows us w hat we have too much of. And 
[we] than proactively take actions tw ice a week. ... All the vendors are on-line to Irish 
Express Cargo [3pl hub]. All the vendors have the same kind o f  contact. That is a criterion 
that Gateway gives ... It is our way o f  m aking international suppliers local suppliers 
(Interview  Flynn, Sept. 1999).
The inbound inventories were tightly managed. The key logistics data reveal a picture of 
modest target buffer levels and high shipment frequencies. As will be discussed below, to 
some extent the target buffer levels for individual component pipelines varied, depending 
on a number of interrelated issues, notably the characteristics of the components and the 
location of manufacturing. However, all companies worked with a generic figure for 
target inbound inventory, that applied to most parts and components. Thus, Dell, 
Gateway, Apple, IBM, Compaq, Digital and Packard Bell all worked towards a ten day40 
buffer for most of their material inputs.41 Intel and AST worked with target buffer levels 
as well, however, information regarding the size of the target levels was not obtained.
The two 'outliers’ were Sun and Apricot. Sun managed its inventories even more tightly 
than the other focal companies. Thus Sun worked towards a five day generic buffer level 
and, where other companies received components on a weekly or bi-weekly basis, in
40 M ost com panies expressed the inventory levels in term s o f  w orking days o f forecasted dem and. In most 
cases five days stood for one week o f  production and ten days stood for tw o weeks o f  production.
41 IBM w orked with a generic target o f  ten days for hubbed inventories and five days for non-hubbed 
inventories but, as discussed in A ppendix E, nearly all items were hubbed. Generally, com panies worked 
towards the same target buffer levels for hubbed and non-hubbed com ponents. IBM was the only com pany 
that differentiated its target buffer levels based on the pipeline strategy involved.
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many cases Sun worked towards two, three, or even five shipments a week.42 On the 
other hand, Apricot worked towards a mixture of ten day and five day target buffer 
levels43 and, mainly due the low volumes required, some of the pipelines at Apricot 
involved lower shipment frequencies than at the other focal companies. Thus, where 
other companies worked towards weekly or bi-weekly shipments for certain components, 
in some cases the equivalent pipelines at Apricot involved shipments every 20 days. 
However, for most material inputs, the shipment frequencies at Apricot were in line with 
frequencies in other focal companies.
Table 5.3 summarises the key logistics data and provides an insight into the way that the 
logistics of material inputs from different source regions was managed.44 The first 
column lists the various material inputs. The second column lists the target buffer levels 
(average for respondent companies). The third column lists the target number of days 
between shipments (average for respondent companies). Finally the typical preferred 
modes of transport are listed in column four.
42 Furtherm ore, for the same reasons, Sun used air freight for the transport o f  more com ponents than other 
focal com panies.
43 In m any cases the five day figure referred to the buffers stored at A pricot on-site, while the supplier 
hubbed or stocked certain inventories as well. However, given the small volum es involved, there was often 
no need to specifically stipulate the size o f  these inventories at the supplier-end, particularly in case o f 
industry-standard inputs.
44 With the exception o f  data on m icroprocessors and m em ory, no data are presented on the com ponents for 
the board assem bly lines. Only four focal com panies w ere fully assem bling lim ited am ounts o f  PCBAs on 
site. Furtherm ore, the data provided were often imprecise due to the fact that m ost o f  the com ponent 
categories included a large num ber o f  com ponents with a high variation in price and geographical origin.
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Table 5.3. Summary of key logistics data (averages for focal companies)
Material inputs Far East 
and Americas
Average target 
buffer levels
Average number of  
days between 
shipments
Typical preferred 
mode of transport
M icroprocessors 4 2 plane
Flat panel m onitors 5 5 lim ited data
M em ory 8 3 plane
LCD displays 8 4 no typical mode
Partly integrated portables 10 4 plane
Tape back-up/ autoloaders 9 5 plane
AC adapter 9 5 plane
H ard disk drives 9 5 plane
CRT m onitors 9 5 ship
Small plastic metal parts 10 5 no typical mode
Floppy drive 9 5 no typical mode
CD ROM  drive 9 5 plane
CD R W  drive 10 5 no typical mode
Com bo drive 10 5 lim ited data
Zip drive 10 5 plane
Docking stations 10 5 no typical mode
Joysticks 10 5 ship
Scanner 10 5 ship
Server racks 8 7 no typical mode
Sound/video/graphics cards 9 6 plane
Power supplies 9 6 ship
DVD drive 10 6 plane
M odem /netw ork cards 9 7 plane
Enclosures 9 7 ship
M otherboards/backpanels 9 7 plane
High volum e keyboards 10 6 ship
Printers 10 6 ship
Enclosures for portables 10 7 ship
Heat sinks 9 7 ship
M icrophone 10 8 ship
Cooling fans FE 10 9 ship
Battery for portable 13 6 no typical mode
Riser cards 10 9 plane
Speakers 13 7 ship
Mice 13 9 plane
Power cables 14 10 ship
Other cables 15 11 no typical mode
Screws and fasteners 35 40 plane
Digital cam eras No data no data lim ited data
Material inputs Europe
Power supplies 5 2 truck
CRT m onitors 8 2 truck
Tape back-up/ autoloaders 8 3 truck
Continues on next page
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Table 5.3. Summary of key logistics data (averages for focal companies) (cont.)
Average target 
buffer levels
Average num ber o f  
days between  
shipments
Typical pre ferred  
m ode o f  transport
Material inputs Europe (cont.)
m' boards/ backpanels 10 1 truck
M em ory 8 3 truck
Enclosures for portables 10 2 truck
Cooling fans 10 2 truck
Hard disk drives 8 4 truck
Other cables 10 2 truck
Printers 10 5 truck
Sound/video/graphics cards 10 5 truck
Material Inputs Ireland and UK
Packaging 2 truck
Low volum e keyboards 2 truck
Country kits 2 truck
CD ROM s (wrapped) 4 truck
Printed m edia (wrapped) 4 truck
Heat sinks 5 truck
Enclosures 5 truck
Hard disk drives 6 truck
Server racks 6 truck
Small plastic m etal parts 9 truck
M odem /netw ork cards 9 truck
m' boards/ backpanels 9 truck
Power supplies 10 truck
CRT monitors 10 truck
Printers 10 truck
Flexcircuit 10 truck
Printed labels 13 truck
Power cables 13 truck
O ther cables 13 truck
Cooling fans came integrated truck
Source: com pany interviews
Focussing first on the material inputs manufactured in the Far East and the Americas, 
most components from these regions involved target buffers of between eight and ten 
days and between weekly and bi-weekly shipments (averages for respondent 
companies).45 The typical mode of transport for most materials from other continents was
45 The focal com panies generally had no precise insight into the inventory  levels at suppliers' 
m anufacturing facilities in other continents. Therefore, it is theoretically possible that the supply pipelines 
involved substantial inventories at the suppliers m anufacturing facilities in the Far East and the Americas. 
However, this w as unlikely the case. It would sim ply not make sense for suppliers to carry the relatively 
high costs o f  frequent shipm ents while, at the same time, to build sizeable sub-optim al inventories at their 
m anufacturing facilities. Custom ers were constantly sharing inform ation regarding short and m edium  term
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by plane leading to relatively small inventories caught up in transit and relatively small 
fluctuations in the actual inbound inventory levels. Still, certain components were 
typically transported by ship (see below).
As regards the material inputs manufactured in Europe, most components again involved 
target buffer levels of between eight and ten days but shipments were more frequent than 
in the case of components manufactured in other continents. Shipment frequencies out of 
Europe ranged from one to five times a week but most pipelines involved shipment 
frequencies of two or three times a week.46 All European material was trucked by 
road/ferry. Material inputs from Europe could generally be trucked over in less than 24 
hours, although the delivery lead-time could be longer for products from outside the 
European Union due to customs formalities.
Finally, regarding material inputs manufactured in the UK and Ireland, although a 
number of components involved very low target buffer levels, as low as two days 
(average for respondent companies), most components involved buffer levels comparable 
to those applicable to items manufactured in other regions. Table 5.3 does not include 
averages for the shipment frequencies since in most cases the main buffers were 
positioned at the suppliers' manufacturing facilities and fed directly from the 
manufacturing lines (see section 5.5.1). Focal companies pulled materials from these 
suppliers on a daily basis, or even more frequently (with the exception of Apricot, which 
pulled some material on a less frequent basis).47 Where the main buffers were not 
positioned at the suppliers' manufacturing facilities, the hubs or the customers' facilities 
were typically supplied on a highly frequent basis -  often daily or every second day (see
dem and forecasts w ith their suppliers and providing them  with very frequent M RP updates. This enabled 
the suppliers to tightly plan their production schedules for their com bined custom er base.
46 As regards the m aterial inputs m anufactured in Europe, in relation to m ost com ponents it is not possible 
to talk about a pattern because only one or tw o o f  the focal com panies were sourcing these com ponents 
from Europe. Only three com ponent categories involved more than two data points: m em ory, hard disk 
drives and pow er supplies. However, all cases together paint a picture o f  high shipm ent frequencies out o f  
Europe.
47 Thus, m ost enclosures, racks, heat sinks, configured hard-disk drives, and cables, m anufactured in 
Ireland or the UK, w ere pulled on a daily basis or even more frequently, from buffers positioned at the 
suppliers. Similarly, country kits, w rapped media, low volum e keyboards and packaging were generally 
pulled daily, or even m ore frequently, from very small (true JIT) buffers kept at the suppliers’ premises.
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Table F.2). The main exceptions included modem/network cards, which were typically 
shipped on a weekly of bi-weekly basis, and printed labels, which were typically shipped 
on bi-weekly basis or even less frequently. All material manufactured in Ireland or the 
UK was trucked by road/ferry.
Again, the general picture is one of modest inbound target buffer levels and high 
shipment frequencies. Although modest, these inbound target buffer levels were slightly 
higher than one would expect on the basis of comprehensive logistics management 
principles alone. However, these buffers did not reflect a sub-optimal supply chain 
solution. The main reason for the slightly higher levels lay in the BTO production 
strategies of the microcomputer assemblers.
As discussed in section 4.5.1, in line with textbook NHVP approaches, all focal 
companies (although not all to the same extent) offered a great variety of product 
configurations, often customised to individual orders, in combination with extremely 
short order lead times. At the same time, all focal companies aimed to minimise the 
inventories of finished computer systems. As discussed, in all cases this combination of 
objectives was addressed by a BTO production strategy (again, to different extents). The 
problem was that the focal companies were facing strongly fluctuating and unpredictable 
demand. The BTO models of the focal companies could handle this without an inefficient 
use of labour, machinery and the build up of in-process inventories by reducing the 
number of phases in the production process and numerical labour flexibility. However, as 
the first upstream function, now the suppliers were confronted with a highly irregular and 
unpredictable sequence of pulls by the focal companies. In such a situation a virtual 
elimination of buffer inventories on the basis of the comprehensive logistics management 
principles would lead to an inefficient use of labour at the suppliers or an increased risk 
of stock-out. A BTO production system with short order lead times in an environment of 
erratic final demand simply requires certain buffers between the suppliers and the 
manufacturing lines of the customer, except in situations of extremely short 
manufacturing cycles at the suppliers. All this is totally consistent with the 
comprehensive logistics management principles. In effect, the focal companies were
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simply trading-off the costs of modestly higher inbound inventories against the loss of 
market share and revenue due to stock-out.48
Thus, the target buffer levels at the focal companies were not merely put in place to time 
the systems and to compensate for production and transportation time. An important 
function of the buffers was to deal with strong fluctuations in demand. "The 10 days has 
to do with the fact that we want to be able to deal with an unexpected spike in demand. 
... At a very basic part number level the accuracy in our forecast means that we can spin 
through the ten days pretty quickly. You could find yourself short” (Interview Walsh, 
Dell, April 2001).
This partly explains why in many cases the supply pipelines of components manufactured 
in Ireland, the UK and Europe involved similar target buffer levels to those that applied 
to inputs manufactured in the Far East or the Americas. Again, many of these 
components involved target buffer levels of between five and ten days. A number of 
items manufactured in Ireland or the UK tended to involve lower target buffer levels of 
(finished) components, notably enclosures, racks, hard disk drives, country kits, wrapped 
media, low volume keyboard models and packaging. However, in most of these cases the 
suppliers involved were committed to holding the balance of the generic target levels in 
the form of unfinished or non-configured components while the final assembly or 
configuration process was made extremely short and added very limited value.
Thus, Apple, AST, Compaq and Digital were all working towards lower than generic 
buffers of finished enclosures and/or racks -  as low as two days in case of AST and 
Compaq. At least two focal companies (Compaq and Digital), committed their local 
suppliers to holding the balance of the ten days generic buffer level in component form. 
For example, the local suppliers of Compaq were committed to buffer two days of 
enclosures with some components already assembled (such as the power supply, cables, 
etc.) and eight days of basic stamped/moulded enclosures. The final assembly was a very
48 A sim ilar challenge o f  com bining JIT  principles, global sourcing and BTO production for a volatile 
m arket has been described in an article on the logistics operations at Bose's speaker p lant in the USA 
(Bradley, 1989).
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short production cycle involving the assembly of the enclosures and the component parts. 
Dell, IBM and Sun on the other hand required their local suppliers to hold generic target 
levels of finished enclosures.49
Similarly, Dell, Gateway, Apple and Digital worked towards relatively low target levels 
of fully configured/pre-assembled hard disks. Three companies mentioned that the local 
supplier, Quantum, was committed to holding the balance of the 10 days generic target 
buffer level in non-configured form while the configuration cycle was very short and 
added minimal value. Compaq, Apricot and Sun on the other hand worked towards the 
generic target buffer levels of finished hard disks.
Country kits were generally kitted on a true JIT basis and the pipelines generally involved 
very low levels of finished kits -  often a day's worth, or even less. However, the JIT 
'manufacture' of country boxes really involved nothing more than a simple packaging 
process of finished components and in nearly all cases the turnkeys were committed to 
holding certain target inventories of components for the kits. Where focal companies 
packed their own country kits, again the companies generally worked towards very low 
buffers of finished media (shrink wrapped CD-ROM with printed documentation). In 
most cases the turnkey supply chain managers wrapped the material on demand, one day 
ahead of supply. However, most turnkey suppliers were committed to holding target 
buffers at component level. Focal companies mentioned CD-ROM buffers of five to 15 
days. Documentation tended to be printed on demand leading to very small inventories at 
the suppliers.
Similarly, the 'manufacture' of low volume keyboard models generally took place on a 
true JIT basis involving buffer levels ranging from less than one to two days. However, 
the process involved no more than the final key-cap printing of semi-finished models and 
the suppliers were generally committed to holding the balance of the generic target buffer
49 The difference in target buffer levels am ong focal com panies m ight be partly explained by  variations in 
the BTO strategies adopted by the focal com panies, involving different degrees o f  fluctuation in production 
(see section 4.4). In relation to this, a sta ff m em ber at Apple m entioned that, if  the com pany w ould operate
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levels in the form of blank boards. Finally, packaging tended to be manufactured on a 
true JIT basis involving buffer levels of less than one to two days. Packaging involved 
extremely short manufacturing times.
5.5.3 The Effect of Component Characteristics and Contextual Conditions
As explained in section 2.4, the adoption of comprehensive logistics management 
principles can have different outcomes, depending on a range of component 
characteristics and contextual conditions. This section will describe how these issues 
affected logistics management and the geography of the linkages at the focal companies. 
Before doing this, it is important to reiterate that in all cases the eventual outcome is the 
result of a complex trade-off in which all these issues are considered simultaneously and 
where the individual component characteristics and contextual conditions can have 
diverging effects. It is therefore not always possible to isolate the effect of a certain 
characteristic, and to understand its impact on the actual outcome one has to look at the 
constellation of issues.
Regional difference in labour costs was a force that tended towards an increase in the 
linkage distance. Producers in other regions, particularly in the Far East could offer 
material inputs at a substantially lower price than producers in Ireland or the UK, mainly 
due to far lower wage rates and high flexibility of the labour force.
A good exam ple is enclosures. We used to buy our metal boxes from Livingston Precision,
20 m iles from here. Logistics wise perfect. I can't rem em ber the exact price but, 
hypothetically, it was som ething that they were charging £50 for an enclosure. The tooling 
that we had to have m ade was costing us about £250,000. I f  you go to South-East Asia, the 
tooling w ould only cost you $200,000 and then you would buy the same enclosure for maybe 
$40. So there was no com parison, it w asn't even close (Interview  Carson, A pricot-M itsubishi,
July 1999).
the Dell m odel to  its full, Apple's four days buffer o f  locally produced finished enclosures would be too low 
(Interview Barry, Apple, D ecem ber 2000).
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The comprehensive logistics management principles were appreciated but, at the same 
time, the focal companies remained sensitive to differences in price of material inputs. To 
attain total supply chain cost effectiveness companies balanced the efficiencies in 
logistics gained by using local suppliers against material cost price advantages gained by 
using suppliers in low-wage regions. In many cases the optimal solution involved 
suppliers located in the Far East.
It [the reason for not sourcing m onitors locally] is basically an argum ent between the actual 
unit cost and the actual com ponent part in term s o f  labour content, etc. So if  labour content 
is a high proportion o f  the unit than it m akes sense to m anufacture that in a low labour cost 
arena. ... So you take into account the differential between labour content and the actual 
transport cost, your [inventory] financing costs, and m oney w hile on the sea, etc., etc. 
(Interview  Barry, Apple, Dec. 2001).
Obviously, contextual conditions were changing all the time and focal companies and 
their suppliers constantly assessed the efficiency of their logistics systems and, as part of 
this, the geographical configuration of their supply chains. The opening up of Eastern 
Europe prompted such a reassessment. Suddenly the players were confronted with a low 
cost production base and a relatively efficient business climate on one-day drive distance. 
This decreased the relative attractiveness of the Far East as a source for components, 
particularly for the relatively bulky components that were coming in by ocean, e.g. 
monitors, scanners, printers etc. This is illustrated by the following quotation:
The only problem I have with this [using suppliers in the Far East] at the m om ent is that the 
pipeline from South-East Asia to the hub is too long. It is the flywheel analogy. The answer 
is to change the South-East Asian suppliers to Central European suppliers. ... A nd the reason 
we are trying to get them from Central Europe is because we look at labour rates for 
exam ple, the general overhead costs are significantly lower, alm ost com parable in some 
cases to the Far East, with the exception o f  China. ... Take the com ponents that I am 
particularly interested in, the things that take six w eeks to get here. The bulky things, the 
things that com e by ocean, your case, your pow er supply, your speakers, monitors, those we 
can't fly and we are particularly interested in looking at them. ... D istance does matter. You 
can’t fly it over. It is not an option. You are talking about metal casings (Interview  Flynn, 
Gateway, Sept. 1999).
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As described in the previous section, whatever the geographical source of the 
components, the inbound inventories were managed very tightly. In accordance with the 
comprehensive logistics management principles regarding unit value (Christopher, 1992), 
most tightly managed were the inventories of components with a high unit value. Thus, as 
regards material inputs manufactured in the Far East and the Americas, the inventories of 
high value microprocessors, flat panel monitors and memory tended to be managed most 
tightly, involving low buffers and multiple flights a week (see Table 5.3). On average the 
focal companies and their suppliers worked towards microprocessor inventory levels that 
fluctuated between four and six days, flat panel monitor inventory levels that fluctuated 
between five and ten days, and memory inventory levels that fluctuated between eight 
and 11 days. Thus, the high value of these components led to a higher shipment 
frequency, which should theoretically increase the tendency towards proximity. However, 
this force towards proximity was simply outweighed by the labour cost savings involved 
in producing these items in the Far East in combination with the relatively low costs 
involved in transporting these items frequently by air.
On the other hand, the inventories of items with a low unit value incurred limited total 
inventory costs and were managed less tightly, ceteris paribus. Thus, as regards material 
inputs manufactured in the Far East the inventories of mice, cables and screws were 
managed least tightly. On average the focal companies and their suppliers worked 
towards mice inventory levels that fluctuated between 13 and 22 days and cable 
inventories that fluctuated between 15 and 25 days while inventories of screws and 
fasteners were targeted to fluctuate between 35 and 75 days. Similarly, as regards locally 
manufactured inputs, the least tightly managed items were low value printed labels and 
cables.
The effect of bulkiness of individual components (Lubben, 1988; McKinnon, 1997) is 
most clearly illustrated by packaging material. Packaging material, although of low unit 
value, required much warehouse space, thereby incurring extremely high inventory 
holding costs. Thus, packaging tended to be manufactured on a true JIT basis involving 
buffer levels of less than one to two days and one or more shipments a day. Simply, in the
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case of packaging the characteristic of bulkiness weighed stronger than the characteristic 
of low unit value resulting in true JIT supply.
The bulkiness and weight of the components had also a more indirect effect on the 
logistics management and the geography of the supply linkages -  via their implications 
for the mode of transport. Most material inputs manufactured in the Far East or the 
Americas were typically transported by plane leading to low in-transit inventories and 
low fluctuations in the target buffer inventories. Companies mentioned transit times 
ranging from three to five days including time lost at customs authorities on both sides.50 
However, airfreight rates rise steeply for components with a high physical volume or 
weight with the result that for many components airfreight is simply not a option on a 
continuous basis.
The alternative was ocean freight. The downside of ocean freight is that it involves 
substantial in-transit inventories. Companies typically mentioned transit times of four to 
five weeks in case of ocean freight from the Far East and two to three weeks from the 
USA. Furthermore, ocean freight involves larger fluctuations in the actual inbound 
inventory levels than airfreight, even though the target buffer levels might be similar. At 
any time there would be several weeks of inventory in-transit that could not be turned off. 
This created a flywheel effect in the inbound logistics pipeline. In case of a downturn in 
demand, the actual inbound inventory levels could potentially rise well above the target 
buffer levels. Likewise, a surge in demand could potentially lead to shortages.
In spite of these downsides, for many components with lower value-to-weight or vaiue- 
to-bulk ratios the trade-off went in favour of ocean freight. Thus, computer enclosures, 
enclosures for portables, power supplies, cooling fans, heat sinks, CRT monitors, high 
volume keyboards, joysticks, microphones, scanners, speakers, printers and power cables 
were typically transported by ship. The downsides of ocean freight were reduced by using 
different ocean-freight services, offering a range of transit times and by the occasional
30 A lthough different freight methods involved different lead times. For exam ple, IBM  used various 
services w ith transit tim es ranging from 48 to 72 hours (depending on the exit point) to  five to  seven days. 
Similarly, A pple used consolidated air freight as well as expedite or express air freight.
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use of airfreight services. Thus, in a situation of fairly stable demand patterns 
components were transported by ocean but if there was any tightness in the supply chain 
due to an increase in demand, companies resorted back to airfreight. Similarly, towards 
the end of the component life cycle companies resorted back to airfreight and tightly 
managed the inventory levels during the final stages of a particular supply chain. 
However, a significant surge in demand could still lead to shortages and required 
expensive expediting exercises involving airfreight.
In other cases, the combination component characteristics and regional labour cost 
differences meant that the optimal supply chain solution involved the use of local or 
regional suppliers. For example, as outlined, most focal companies sourced enclosures 
from local suppliers.51 In this case the relatively high bulkiness of the enclosures 
presented a strong force tending towards proximity while the labour cost savings 
associated with production in the Far East would have been partly offset by the fact that, 
on a routine basis, the product could only be transported by ocean, leading to high in­
transit inventories and higher fluctuations in the actual buffer inventories. Similarly, a 
number of monitor suppliers operated local or European manufacturing facilities.52 Here, 
the relatively high bulkiness and high value of the monitors presented a strong force
51 A num ber o f  interviewees stated that the optim al solution involved enclosure suppliers in the Far East. 
However, the reason for this m ost likely lay in the more limited volumes required -  volum es that did not 
w arrant the costs o f  developing a local source and the cost o f  a second tool. In those cases it was more 
econom ical for com panies to consolidate their com pany-wide enclosure requirem ents for a particular model 
at a single supplier plant, thereby enjoying econom ies o f  scale. Thus, D igital, A pricot, G atew ay and 
Packard Bell im ported most o f  their volume enclosure m odels from the Far East. H ow ever, the output o f 
Digital and A pricot was small in com parison to m ost o f  the other focal plants. Sim ilarly for G atew ay the 
main reason for not using local suppliers lay in the limited volumes. "Because our volum es in Europe for 
the first four to five years did not really merit going out trying to get a [regional] supplier. But it is getting 
to a stage now, where we have 30 per cent year-on-year growth, that we need to look at a [regional] 
supplier. W e probably w on't save on cost o f  goods, but we certainly will save on transit or lead-tim e and 
potentially transit costs" (Interview  Flynn, Gateway, Sept. 1999). Packard Bell was in the process o f  
contracting a local supplier (Fullarton) for the production o f  volum e enclosure m odels. A pple im ported its 
w orld wide enclosure requirem ents for the new I-M ac range from a plant located in the Far East so Apple 
could enjoy econom ies o f  scale (interview  Barry, Apple, Decem ber 1999). As regards the less current 
enclosure m odels and server racks, as discussed, these were often imported from the USA. O bviously, this 
had not m uch to do with low labour costs. Rather, the volum es involved sim ply did not w arrant the 
developm ent o f  a second source locally.
52 IBM had even been instrumental in the decision by Korean Chungw a to set up a picture tube 
m anufacturing plant in Scotland. Chungw a was to supply tubes to Lite-on in Scotland who, up to May 
1998, assem bled m onitors for IBM. However, the Chungw a plant did not m aterialise as L ite-on got into
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tending towards proximity. And, again, the labour cost savings associated with 
production in the Far East were partly offset by the fact that, on a routine basis, the 
relatively heavy monitors had to be transported by ocean.
The greater proximity of the enclosure suppliers and some monitor suppliers is not 
explained by their relatively lower value-to-weight or value-to-bulk ratio and the old idea 
that inputs with a higher value-to-weight ratio are simply able to bear higher 
transportation costs, as suggested by O'Farrell (1980) and Lever (1974) (see section 
2.4.4). The point is that low wage rates, in combination with competitive and well 
established international air-freight infrastructures (in relation to this see Hamilton, 1995; 
Hise, 1995), have made distant countries such as the East and South-East Asian NICs, 
increasingly attractive locations for labour intensive component production. However, 
due to the structure of airfreight rates, this applies less to components that are physically 
relatively big. Thus, here the point is not that high value-to-weight components can 
necessarily bear higher transport costs than low value-to-weight components. Rather, the 
point is that small, virtually weightless, components can be transported frequently and 
speedily over great distances relatively cheaply, while many bulky components cannot.
Another component characteristic mentioned in section 2.4.4 was the minimum efficient 
scale of production. The point was made that in order to reach the minimum efficient 
scale of production suppliers need to have several customers which can mean that 
suppliers are located at considerable distances from some of their customers (Bordenave 
and Lung, 1996; Jones and North, 1991; McKinnon, 1997; Milne, 1990; Morris, 1992b; 
Schamp, 1991). This issue was probably not the principal factor in the explanation for the 
low proportion of components sourced from Ireland and the UK. As outlined, the 
majority of components were sourced from other continents. Thus the issue would only 
be the primary factor if the minimum efficient scale of producing a certain component 
exceeded the level of demand in the European market. It is extremely unlikely that the
financial difficulties due to the econom ic crisis in Asia, and closed its Scottish plant in M ay 1998 ( W orld 
Socialist web site, w w w .w sw s.org/new s/1998/ju ly l998/scot-j08 .shtm l, accessed 31-03-01).
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minimum efficient scale of producing the often standardised components would not be 
reached by producing in Europe for the European market.
The issue does explain some of the detail in the geographical configuration at a national 
and regional level. The differences in the minimum efficient scale of production do mean 
that suppliers of some components need the business of more customers than suppliers of 
other components. Some components or services can be produced or offered efficiently at 
a relatively low scale, requiring only one customer. As a result, suppliers can set-up 
relatively small operations in relatively close proximity to individual customers. This 
explains why, as outlined, the focal companies tended to use suppliers located in very 
close proximity for country kits, keyboard localisation and packaging. Producers of 
components with a higher minimum efficient scale often need a level of business that can 
exceed that offered by one or a few individual microcomputer companies. As a result, the 
larger operations of these suppliers are located at greater distances to at least some of 
their customers -  totally consistent with the comprehensive logistics management 
principles. Thus, for motherboards, monitors, enclosures and higher-end technology 
components the focal companies maintained linkages with suppliers located at greater 
distances, often located in a different country on the British Isles. According to the 
interviewees, many of these suppliers set up a local manufacturing facility because of the 
potential market offered by all microcomputer companies (and in some cases other 
electronics companies) in Ireland and Scotland and in some cases beyond that, in Britain 
and Europe.
The variety of options per component category was a relevant issue as well. As explained 
in section 2.4.4, the greater the variety of options, the greater the incentive to delay the 
final assembly of component materials into finished components (Van Hoek, 1998). The 
greater the delay in final assembly, the greater the shipment frequency, the greater the 
driver for buyer-supplier proximity. As shown, the components with a high variety of 
options -  country kits, shrink-wrapped media, low volume keyboard models and the 
customer configured hard disk drives of Quantum -  were indeed produced on a true JIT 
or virtually true JIT basis, generally by local suppliers. Holding standard target buffer
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levels of these components in all their possible configurations and languages would 
greatly increase the inventory holding costs.53 As shown in the previous section, the local 
supplier facilities were precisely involved in the delayed or postponed final assembly or 
configuration activities, while they were generally committed to holding higher buffer 
levels of unfinished or non-configured components, often produced in other regions.54 
Clearly, in case of the more standardised components of the kits, such as blank keyboards 
and mice, the forces tending towards an increase in the linkage distance, notably labour 
cost savings in other regions, were greater than the forces tending towards proximity.
Finally, we turn to the contextual issue of regional industrial technical capabilities. As 
discussed in Chapter 2, one of the reasons why the adoption of comprehensive logistics 
management principles does not necessarily lead to buyer-supplier proximity can be that 
the required technology is simply beyond the limited industrial capabilities of a region 
(McCann and Fingleton, 1996; Morris, 1992a; Phelps, 1993a; Phelps, 1993b; Reid, 
1995). Obviously, this is not a valid explanation for the limited local linkages of the 
microcomputer hardware industry in Ireland and Scotland. Both countries have built up 
an impressive high-tech electronics component production and development capability, 
notably in the area of microprocessors and other semiconductors. Furthermore, many of 
the components that were imported from other regions were once manufactured in Ireland 
and/or Scotland -  for example, packaged microprocessors, hard disk drives, mice, 
keyboards and cables.
This section clearly showed that component characteristics and contextual conditions 
affected the way companies managed their inbound logistics and the geography of the 
supply linkages. In many cases these characteristics led to logistics systems that diverged 
substantially from the prototypical true JIT system. However, in all cases the divergences 
were totally consistent with the comprehensive logistics management principles.
53 With respect to country kits, an extra reason for this is the increase in physical volum e during final 
assembly. Packing the individual com ponents into a box greatly increases the transportation and 
warehousing costs -  an additional incentive for postponed assem bly near to the custom er (Van Hoek, 
1998).
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5.6 Relevance o f Other N H V P-R elated Issues Believed to Lead to an Increase in the 
Linkage Distance
As discussed in section 2.4.5, apart from the information exchange and logistics related 
drivers for buyer-supplier proximity, some authors have pointed out that other aspects of 
NHVP-related supply chain strategies, notably the reduction of the number of suppliers 
per component (from multiple sourcing to single sourcing) and company-wide 
consolidation of purchases, might actually lead to a reduction in local sourcing. As 
regards the reduction of the number of suppliers per component the idea is that this will 
lead to larger suppliers that will restructure their global operations more independently of 
individual customers' locations (Glasmeier and McCluskey, 1987; Hudson, 1994; Morris, 
1992b; Phelps, 1993b; Schamp, 1991). As regards the company-wide consolidation of 
purchases the idea is that the consolidation will lead to a reduction of supplier plants and 
therefore an increase in the linkage distance to individual assembly plants of the 
customers (Clarke and Beany, 1993; McCann, 1996; Morris et al., 1993; Munday, 
Morris, and Wilkinson, 1995; Phelps, 1993b; Pike, 1998). Furthermore, centralised 
purchasing systems have been related to a lack of subsidiary autonomy, believed to lead 
to lower levels of local sourcing (McCann, 1996; McCann, 1997; Phelps, 1993a).
The validity of the ideas for a large part hinges on the number and location of the plants 
that remaining individual suppliers will operate to service their customers. In this respect 
the interviews made clear that assemblers did prefer suppliers that can supply the various 
assembly plants from plants located in a number of different regions. In this regard, a 
triad manufacturing presence remained an important plus in the process of supplier 
selection and all focal companies acknowledged that they had regular discussions with 
existing or potential suppliers regarding investments in regional manufacturing facilities. 
As a way of illustrating this point, Table 5.4 presents the suppliers with manufacturing 
facilities in Ireland or the UK that operated plants in other regions to supply other 
assembly plants of the focal companies. Clearly a great number of local suppliers
S4 The exceptions included inputs for the kits or shrink-wrapped m edia that, in turn, involved a high variety 
o f  options. For exam ple, the printing o f  docum entation in the various European languages w as generally
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employed a multi-regional production configuration to serve the various plants of the 
focal companies and in relation to some component categories, such as enclosures, the 
trend was towards an increased use of global suppliers with multi-regional capability (see 
section 5.2.2).
At the same time, as outlined in section 5.2, the majority of suppliers supplied their 
customers in Europe from manufacturing facilities in the Far East. However, in these 
cases the linkage distance was best explained by reference to production cost 
differentials, rather than by the notions of elimination of linkages or company-wide 
consolidation of purchases. Company-wide consolidation of purchases did play a role in a 
small number of cases where, due to the limited component volumes involved, companies 
choose to source their requirements for Europe from the same plant that supplied the 
requirements for the USA. It was exactly for this reason that many sever racks and other 
low volume enclosure models were sourced from manufacturing plants in the USA.
Table 5.4. Local suppliers operating plants on other continents to supply plants of the 
focal companies on other continents*
1 C o m ponen t ca tego ry S u p p lie r
Com plete com puter system s Celestica; Fullarton; Inventech; Mitac
Enclosures and racks and small plastic and 
metal parts
APW  (High Speed, C-Fab, Horm an); Berm o; Foxteq; 
Fullarton; LM S Beach; Birkbys
M otherboards, backpanels and riser cards AVEX; Celestica; CTS; Jabil Circuit; SCI; Solectron
M icroprocessors Intel
M emory M otorola
Hard disk drives Quantum (M KR); Seagate
Cooling fans APW  (M cLean M idwest)
M odems and netw ork com ponents 3-Com; Cabletron; M adge networks (Celestica);
Cables and interconnect A m phenol; Keytech; M ethode; M olex; Phoenix; Volex
Displays LG Electronics; Samsung; Tatung; Sony
K eyboards Alps; Chicony; Lite-on; NM B
Printers Epson
M edia M odus M edia; G ardener Gibson; Printech; US Print
Kits BG Turnkey; M odus M edia
Packaging m aterial Ire-Tex; Smurfit
Sub-assem bly services Turnkey
Source: com pany interviews
Note: ‘com panies m entioned in the table supplied at least one other m anufacturing facility o f  at least one 
focal com pany.
done on a true JIT bases.
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The idea that the low levels of local sourcing were the result of a lack of subsidiary 
autonomy, related to centralised purchasing systems, does not hold much ground either. 
As discussed in section 4.5.4, it was true that supplier selection was carried out on a 
global basis. The function was strongly centralised. The global purchasing groups were 
typically based in the USA and European operations had a relatively low level of 
autonomy in relation to most components. However, at the same time, the centralised 
purchasing system did involve a substantial amount of subsidiary consultation which 
provided European operations the opportunity to influence the selection process to some 
degree. Regional procurement groups were in regular communication with the global 
procurement functions and in many cases this communication was formalised through the 
regional involvement in the global commodity councils.
Thus, purchasing decisions were taken at a global basis but European operations had an 
input in the decision process. Purchasing did take account of the comprehensive logistics 
management principles. However, the trade-off of all relevant factors simply did not lead 
to high levels of local sourcing by the European operations. This argument is supported 
by research carried out in a different context. Angel and Engstrom (1995) showed that 
microcomputer assembly plants in the USA were characterised by local sourcing patterns 
similar to those of the European operations. Thus, even plants located near the centre of 
decision-making in the USA were not characterised by higher levels of local sourcing.
5 .7  Dynamic Indicators of Indirect Regional Development Effects.
As discussed in section 2.6, the indirect effects of MNEs on regions can be assessed in a 
'static' or a 'dynamic' framework (Turok, 1993; Young, Hood, and Peters, 1994). So far 
this chapter has dealt with static indicators of development such as the number of local 
linkages and the proportion of total material inputs sourced in the local or regional 
economy. This section will focus on dynamic indicators of development, i.e. the impact 
of the focal companies on the quality and competitiveness of their suppliers in Ireland 
and Scotland. To prepare the ground for this, the section will start with some additional 
comments regarding the static indicators.
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As described, the focal companies sourced only a relatively small proportion of their total 
material input requirements from the local economy. On average, only ten per cent of the 
parts and components sourced by the focal companies in Ireland were manufactured in 
Ireland while the average figure for the focal companies in Scotland was even lower. The 
regional supply network included 109 companies and 125 plants, of which 57 in Ireland 
and 49 in Scotland (and about 20 in England and Wales). However, the scope of the 
activities in Ireland and Scotland was small. The only components that were mainly 
sourced from suppliers in Ireland or Scotland were enclosures, packaging, media, kits and 
low-volume keyboards. Furthermore, the actual production activities in many plants were 
very limited or added limited value to the product.
An attempt was made to establish the extent to which the demand of the focal companies 
had led to an expansion of production capacity in the regional supply base, either foreign- 
owned or indigenous. The answers showed that linkages with the focal companies nearly 
always led to, at least, the establishment of extra production lines at the local suppliers. It 
proved, however, impossible to precisely link the demand of a focal company to the 
opening of entirely new plants or companies, either foreign-owned or indigenous. In 
some cases the opening of new supplier plants could be directly linked to an individual 
focal company, notably where the supplier plants were involved in activities 
characterised by a low minimum efficient scale of production, as in the case of the kitting 
plants of BG Turnkey and Modus Media. However, according to the interviewees, in 
many cases the investments by suppliers was related to the potential business offered by 
several microcomputer companies in Ireland and Scotland (and beyond) and in some 
cases by companies in other segments of the electronics industry as well. Even if 
investment could be brought back to the initial business offered by, and discussions with, 
one of the focal companies, in many cases, suppliers' investment decisions were based on 
the wider market for their product in the region.
In spite of this ambiguity, the interview data show that the presence of the 11 focal 
companies resulted in the establishment of a substantial number of supplier companies in 
the region. Thus, according to the interviewees the investments by the following MNEs
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was primarily related to the presence of one or more of the microcomputer assemblers in 
Ireland and/or Scotland: Alps Electric, APW, Trend, Lite-on, LMS-Beach, Modus Media, 
Munekata and SCI in Ireland, Amphenol, APW, Bermo, Chicony, CTS, Foxteq, 
Inventech, Jabil Circuit, Modus Media and US Print in Scotland and Celestica in 
England. Furthermore, a number of other MNEs originally invested in the region to 
supply one or more of the focal companies but have since lost that business. Similarly, 
the formation, or most of the recent growth, of the following indigenous manufacturers 
was related primarily to the demand of the focal companies: A&W Fullarton, BG 
Turnkey, Ballymount, Birkbys, Brands, Chip, Datapackaging, Fullarton, Horman 
Electronics, Printech and Turnkey.55 Furthermore, the growth of the two logistics 
companies, IEC and Walsh Western, was strongly linked to the focal companies as well.
Turning to the dynamic indicators, as mentioned in section 2.6, based on the ideas of 
Dicken (1998), the view was taken that linkages involving indigenous companies are 
more beneficial for regional development than linkages with local subsidiaries of other 
MNEs. The idea is that indigenous companies generally locate a greater range of 
functions with a higher degree of authority within the region than foreign multinationals. 
As a result, indigenous companies are likely to be more embedded and less footloose, 
increasing the chance of technology spillover and further investments. It must be said 
however that this does not mean that the creation of local linkages with subsidiaries of 
other MNEs can not have dynamic consequences for regions and/or countries (see 
below).
Section 5.2 already showed that many of the local suppliers were actually subsidiaries of 
foreign multinationals. A count of the companies in Appendix D shows that of the 49 
suppliers with manufacturing facilities in Ireland, 28 were foreign owned at the time the 
interviews were conducted.56 Likewise, of the 50 suppliers with facilities in Scotland, 26
35 Some o f  these com panies w ere subsequently taken over by foreign MNEs.
56 Scottish com panies are here counted as foreign and BG Turnkey is counted as indigenous on the basis 
that the head-office o f  this division o f  Banta was still based in Cork.
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were foreign owned, while a further three companies were English based.57 Finally, 13 of 
the 18 suppliers with manufacturing facilities in England and Wales were foreign owned. 
Thus, the majority of the local suppliers were subsidiaries of foreign MNEs and, in the 
context of the process of corporate consolidation of purchases, the trend was towards a 
growing role of subsidiaries of MNEs (see section 5.2.2).
Believed to be an important medium for dynamic demonstration effects or "tutoring 
effects" (Cooke and Morgan, 1998), the focal companies were asked to outline their 
'supplier development' efforts, defined as "policies, procedures and practices for assessing 
and improving supplier capability and performance in multiple areas such as quality, 
design support, and delivery" (Jarayam and Vickery, 1998). All nine focal companies that 
answered this question gave evidence of active supplier development. Most development 
activity took place within the framework of some form of continuous supplier 
improvement programme discussed during the periodic supplier reviews. Typically, the 
partners rated suppliers' performance in a range of areas, e.g. price, product quality, 
delivery, communication, environmental standards, and discussions took place as to how 
to improve on this performance. Efforts were often limited to merely making suggestions 
for corrective action but could also involve more hands-on assistance, depending on the 
problem and the capabilities of the supplier. Thus, all companies mentioned that, where 
necessary, their quality engineers, purchasing people and logistics staff had visited 
suppliers' plants in order to advise and assist suppliers with improving the efficiency and 
quality of the production processes, business methods and logistics systems.
Supplier development could also take place during the process of new supplier approval 
and the ramp-up of a supplier's production facilities. Focal companies also provided their 
suppliers with technical information regarding new component product and process 
technologies. Finally, supplier development could be part of the introduction of new 
processes at the focal companies. For example, according to one interviewee, the
57 Here, Fullarton is counted as indigenous on the basis that the head-office o f  this division o f  an English 
based com pany was still located in Scotland.
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education sessions and assistance in the context of the implementation of e-business 
resulted in a substantial improvement in supplier capability.
The organisation of supplier development differed from focal company to focal company 
but typically there were no specific units with supplier development responsibility. 
Supplier development teams were set up for the purpose -  their composition and size 
depending on the particular needs of the supplier. Nearly all supplier development efforts 
involved bilateral relationships -  none of the focal companies had organised the kind of 
formal supplier groups or associations as outlined in see section 2.6.
In order to further assess the dynamic indirect effects and the actual impact of the 
linkages on the quality and competitiveness of the regional suppliers an attempt was 
made to measure the extent to which the linkages with regional suppliers involved 
adaptation on the part of the supplier. Partly based on the categorisation by Gadde and 
Hakansson (1993), interviewees were asked whether, in order to become approved 
suppliers, individual suppliers had had to adapt by upgrading or expanding various 
aspects of their business, i.e. process technology (e.g. new machinery or equipment), 
product technology and organisational routines across all functions.
Before analysing the results, a number of comments need to be made. First, the format of 
the particular question was incapable of capturing all supplier upgrading as a result of 
production linkages. Interviewees pointed out that supplier upgrading happens 
continuously over the lifetime of the partnership, rather than only during the period of 
supplier approval. This was acknowledged and the answers really relate to the question 
whether supplying a focal company had meant that individual suppliers had adapted by 
upgrading various aspects of their business.
Secondly, it was not always possible to claim that a particular upgrading was the result of 
dealing with one of the focal companies. In many cases it is a two-sided issue. The focal 
companies typically outline their own technological road maps and, based on that, and 
the road maps of other customers, individual suppliers decide on their own strategic
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directions. However, in general, interviewees were able to indicate where a particular 
upgrade was strongly related to supplying their company.
Thirdly, as mentioned earlier, the view was taken that linkages involving indigenous 
companies are more beneficial for regional development than linkages with local 
subsidiaries of other MNEs. Because of this, and in order to save interview time, in a 
number of companies the question on upgrading at regional suppliers was restricted to 
indigenous and/or formerly indigenous suppliers58 and the data presented below pertain 
to upgrading at these suppliers only. In hindsight this was unfortunate. As described 
above, many local suppliers were subsidiaries of MNEs and the interviews at a number of 
focal companies made clear that supply linkages with most of these local subsidiaries 
often involved substantial upgrading as well. The impact on the region would most likely 
have been greater and longer lasting had these local suppliers been indigenous 
companies. However, upgrading at local subsidiaries of MNEs might well represent a 
dynamic consequence for the region or country, notably through the learning effects for 
the local workforce. Hence, it has to be stressed that the indirect dynamic consequences 
of the focal companies are more extensive than the effect on indigenous companies, as 
presented below.
Finally, the question on supplier upgrading was only posed in relation to companies that 
were supplying the focal companies at the time of the interviews. Upgrading effects on 
past suppliers were therefore not measured. This is another reason why the data presented 
below undervalue the focal companies' dynamic contribution to development via supply 
linkages.
58 Formerly indigenous com panies were included as well since in m any cases the focal com panies’ impact 
operated at the tim e before the take-over by a foreign MNE. In fact, the impact o f  the supply relation on 
upgrading m ight well have been instrum ental in increasing the attractiveness o f  the indigenous supplier for 
take-over.
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Table 5.5. Upgrading effects at indigenous and formerly indigenous suppliers.
Upgrade process
technology
(machinery)
U pgrade product 
technology/range
U pgrade
organisational
routines
Suppliers in Ireland
APW  (C-Fab)
A PW  (Horman Electronics) X X
Ballym ount (Trend) X X
BG Turnkey services X X X
Burex
Chip
Colorman X
CTM  Southborough X X X
Cuspal
Datapackaging (Trend) X X X
EPC
Fitzpack X X
Fullarton
Hiterm
Ire-tex Group (ILP) X
Irish M oulded products
Keytech X X X
MacB, Cork, Ireland
M cDonald Printing
Printech X
QEF X
Rennicks X
Smurfit X X X
Techmatic
Tech-source X
Top Tech X
W alsh W estern X X
W orldm ark Group (Industrial Print) X
Suppliers in Scotland
APW  (High Speed Production) X X X
Arkol X
BG Turnkey Services X X
Birkbys (England based) X X X
Brands Electronics X X X
Clairem ont Electronics X
D ewar Brothers
Elcomatic X
Fife Fabrications X X
Foamplus, L inwood, Scotland X
Fullarton Com puter Industries X X X
Geltron (England based)
Hamilton Packaging
Continues on next page
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Table 5.5. Upgrading effects at indigenous and formerly indigenous suppliers (cont.)
Upgrade process
technology
(m achinery)
U pgrade product 
technology/range
Upgrade
organisational
routines
S upp liers in S co tland  (cont.)
K W R
Livingston Precision X
M acFarlane (A& W  Fullarton) X X
Printech X X X
Rexem Corrugated (John Horn)
SCA X
Scotfoam
Simclar X X
Sm urfit Corrugated UK X X
Sonnel
Thom pson Litho X X
TR Fastenings X
Turnkey
Volex (Enland based) X
W orldm ark Group (Donprint) X
Source: com pany interviews
Note\ V  denotes that at least one focal com pany m entioned a particular type o f  upgrade in relation to an 
individual supplier.
The results are summarised in Table 5.5, where each 'x ' indicates that at least one focal 
company mentioned a particular type of upgrade in relation to an individual supplier. 
Clearly, according to the ten focal companies that answered this question, the local 
linkages involved significant upgrading of the indigenous supply base. Of the 56 
indigenous, or formerly indigenous suppliers in the list, 37 were believed to have 
upgraded at least one aspect of their business while many had upgraded several aspects. 
A ll  focal companies were responsible to some extent, although the more recently 
established focal companies had impacted on a smaller amount of suppliers than the 
longer established focal companies. This was partly a result of the fact that many local 
suppliers, once they had upgraded for one (longer-established) focal company did not 
have to make the same upgrade for another focal company. Furthermore, the impact of 
Packard Bell was limited simply because of the fact that it was still in the process of 
establishing linkages with local suppliers.
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As regards process technology, upgrades mentioned included the installation of new sheet 
metal presses, new tooling technology, paint shop improvements and testing equipment at 
the enclosure manufacturers; new machinery for the integrated manufacturing of 
corrugated/ gloss paper and new colour technology at the packaging suppliers; new 
testing equipment at the turnkey companies; new litho-printing technology at the printing 
suppliers; new laser printing technology and testing equipment at keyboard localisers and 
new test equipment at PCB assemblers. In at least one case, the focal company financed 
some of the testing equipment and tooling. Furthermore, many suppliers had upgraded 
their quality control systems and improved process efficiencies by changing plant lay-out 
and installing new information technology.
A substantial number of suppliers upgraded their product technology as well, although in 
most cases this generally involved an expansion of the product range or a diversification 
of the business activities. Thus many enclosure manufacturers had started off as sheet 
metal companies, slowly diversifying into sub-assembly and developing into, in some 
cases, integrated system builders. Similarly specialised out-plant labour service providers 
increased their skills base and subsequently entered into new ventures. Supply chain 
managers developed into turnkey supply chain managers very much as a result of the link 
with the focal companies. Walsh Western, initially purely a warehousing company started 
to carry out value added activities.
Finally, for most suppliers, dealing with the focal companies involved an upgrading of 
their organisational routines. Almost invariably dealing with any of the multinational 
microcomputer companies meant that suppliers had to adapt their systems to be able to 
'communicate' and do business with the focal companies. Although this might have meant 
an upgrade for the supplier, the interviewees were specifically asked to indicate only 
those cases where the linkage involved a significant 'upgrade' at the local supplier. The 
results indicate a substantial demonstration effect on indigenous suppliers. Most 
frequently mentioned were upgradings in the warehousing and supply functions, notably 
the implementation of JIT supply systems and hubbing. This involved new organisational 
and financial structures and new communication systems.
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Clearly, the supply relations and supplier development efforts had a significant impact on 
the quality and competitiveness of the indigenous suppliers. As a result, and again for a 
large part on the back of the market opportunities offered by the focal companies in other 
regions, a number of indigenous suppliers were able to penetrate foreign markets using 
various routes such as export, overseas acquisition, direct investment abroad and joint 
ventures or other alliances. The clearest examples are outlined below.
Fullarton is the most successful example of a Scottish based (although now English 
owned) supplier that has benefited from the presence of major microcomputer assemblers 
in Scotland. The company was founded in 1978 and started producing PC enclosures in 
the early 1980s. Over the following two decades it diversified into the production of other 
mechanical microcomputer components and complete system assembly, supplying IBM, 
Digital, Compaq as well as Intel in Ireland. In 1994 it opened a new plant in the USA 
partly to support the American facilities of its main customers, notably IBM that had 
facilitated international contact via its commodity council. In 1995 the UK Laird Group 
acquired it. In 1997 the company acquired Mimtec, another large Scottish enclosure 
manufacturer. During the last part of the decade the company opened plants in Ireland, 
China and the USA. In 2001 the company employed 2,000 people world-wide (Fullarton 
web site, www.fullarton.com, accessed 10-04-01).
Scottish based Donprint was founded in 1979 to produce product identification material 
for the electronics and automotive market. In 1995 it became part of UK based Jarvis 
Porter labelling company. Irish based Industrial Print was founded in 1977 to produce 
high-tech labels and metal badges mainly for the electronics industry, including some of 
the large microcomputer manufacturers. In 1997 the company was acquired by Donprint 
to complement the electronics division that was bought out by the Scottish management 
to form the Worldmark group in 1999. During the 1990s, the company increasingly 
penetrated foreign markets, partly by supplying the overseas sister plants of the focal 
companies in Ireland and Scotland. International sales and service centres were followed
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by the opening of the first plant in the USA in 1995 and subsequently in Wales, Hungary 
and Mexico (Worldmark web site, www.worldmark.com, accessed 09-10-2001).
Brands was established in 1986 by two brothers. Initially carrying out service and repair 
work for IBM, during the 1990s the company diversified into assembly and supply-chain- 
management for the electronics companies, including Compaq and Digital. In the second 
half of the 1990s it internationalised by opening new facilities in China, the USA and 
Mexico. ”A well-founded alliance with a US customer [Compaq] clearly made this move 
to the USA easier -  a technique that has since been replicated for its Mexican operation 
based in Guadalajara” (The Sunday Herald [online], www.sundayherald.com/ news, 22- 
02-01). Simclar, another Scottish based subcontract manufacturing services company, 
grew partly on the back of local electronics MNEs, notably Digital. The company, 
established in 1976, initiated a global expansion programme at the end of the 1990s, 
beginning with a new manufacturing facility in the USA (Simclar web site, 
www.simclar.com, accessed 02-04-01)
In Ireland a local entrepreneur founded BG Turnkey Services in 1986, starting with 
simple assembly activities for Apple in Cork. During the 1980s and 1990s the company 
took on more sophisticated kitting, printing and testing activities and developed into a 
turnkey supply-chain-management and logistics provider servicing all the focal 
companies in Ireland as well as other MNEs with production facilities in Ireland, such as 
Microsoft, Oracle and Lotus. Initial international expansions concentrated on Scotland 
and Europe, where customers included Sun and Compaq. In 1996 the company, 
employing over 500 people, was acquired by USA based Banta but Cork remained the 
world-wide headquarters for the BG Turnkey Services Group.
Keytech was set up by two Irish entrepreneurs in 1994 as a one-room operation in 
Limerick supplying Dell with cable assemblies. Keytech quickly expanded in the area of 
enclosures and system assembly through take-over of three other indigenous companies 
in the period 1996-1997. In 1997, the company opened a manufacturing facility in 
Malaysia to support Dell and Gateway, employing 500 people in 2001. In 1998, the
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company opened a new plant in the USA to complement its sales offices in Austin 
(Microsoft web site, www.microsoft.com/ uk/ business/ manufacturing/ items/ 304.htm, 
accessed 02-04-01).
Dublin based Printech was founded in 1978. Initially a printing company supplying the 
high-tech companies in Ireland, during the 1990s the company developed into a turnkey 
supply-chain-manager of media and, at the end of the decade, hardware. At this time it 
rebranded itself as Sercom Sollutions. After initial experience with MNEs in Ireland, 
notably Microsoft, Lotus, Apple and Intel, the company expanded internationally with a 
manufacturing facility in Scotland to supply IBM and later a new plant in the USA. It 
also set up a new facility in Limerick to supply Dell. By 2001 it employed over 500 
people world-wide (Interview O'Grady, February 2001).
The Irish based Ire-Tex Group was originally founded in 1974 as the ILP group, 
manufacturing labels and distributing packaging. In 1983 the company diversified and 
started to concentrate on packaging for electronics companies, notably Dell, Gateway and 
Intel, operating three plants in Ireland. In the second half of the 1990s it set up a joint- 
venture company in Malaysia to supply Dell and Gateway and subsequently expanded 
with facilities in the Czech Republic, the USA and China (lre-Tex web site, 
www.iretex.com, accessed 23-05-02). Smurfit was another indigenous packaging 
company that supplied plants of the focal companies in other regions. However, the 
internationalisation of this highly successful global company should not be attributed to 
its links with the focal companies.
The most successful examples of Irish companies internationalising on the back of the 
microcomputer assemblers are to be found in the area of logistics. Before being taken- 
over, both IEC and Walsh Western developed as Irish-owned transport and warehousing 
companies into world-class international third party logistics and supply chain 
management providers. For IEC the break came in the early 1990s when Apple requested 
its suppliers to take back inventory and IEC offered to take it for them (Dunne, 1998). 
Since then the company experienced rapid growth, providing services to main electronics
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companies in Ireland, including AST and Dell, Gateway and Intel. In the mid-1990s the 
company started to expand abroad with new facilities in Scotland -  where IBM and 
Compaq, Digital and later Packard Bell became important customers -  England, Wales, 
and Europe. During the same period the company set up facilities in the USA, for 
example a new hub to service Dell, and the Far East. In 2000 the company, employing 
2,600 people world-wide, was taken over by USA based Flextronics. Similarly, Walsh 
Western, after servicing customers in Ireland, that over time included AST, Dell, Apple 
and Intel, expanded internationally, notably in Scotland where Packard Bell became one 
of its main customers. In 1998 the company was acquired by UK based Exel Logistics 
(Cannife, 1998).
Thus, the microcomputer companies in Ireland and Scotland sourced a relatively small 
proportion of their material input requirements from local suppliers and the scope of the 
local supply network was limited. However, the local linkages that were forged, had 
significant dynamic effects on the supply-base in Ireland and Scotland. This partly 
supports the more positive ideas expressed by Munday et al. (1995).
5.8 Conclusion
This section relates the empirical findings presented in this chapter to the four research 
patterns presented in section 2.5 and summarised in Table 2.2. The discussion of the 
findings in the context of existing literature and theory will be left for the overall 
conclusions of the dissertation. The situation outlined in this chapter matches closely 
target research pattern 2b: no significant local linkages -  neither comprehensive logistics 
management principles nor technical information exchange drive proximity, but the 
principles are appreciated. The findings provide very limited support for the three rival 
research patterns.
The vast majority of material inputs were manufactured in regions outside Ireland and 
Britain, notably from the Far East and, to a lesser extent, the USA. The only parts or 
components characterised by significant sourcing in Ireland and/or Scotland were:
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enclosures, motherboards/backpanels (mainly Scotland), network cards (Ireland only), 
low volume keyboards, media, kits, packaging material, and sub-assembly services. 
Furthermore, England and Wales figured to a small extent in the area of monitors while 
England played a role in the supply of motherboards as well. However, most of these 
components were imported from other regions as well. On average, ten per cent of the 
parts and components sourced by the focal companies in Ireland were manufactured in 
Ireland. The items manufactured in Britain were good for another four per cent on 
average. As regards the focal companies in Scotland, on average seven per cent of the 
material inputs was manufactured in Scotland while the items manufactured in the rest of 
Britain and Ireland made up another nine per cent.
As regards the material inputs manufactured in Ireland and Britain, the proximity of a 
number of suppliers turned out to be 'coincidental', i.e., not the result of a strong desire 
for buyer-supplier proximity. Where proximity was the result of a deliberate choice to 
deal with a supplier with a local manufacturing presence, logistical efficiency was the 
principal driver for proximity. Efficient technical information exchange proved an 
important proximity driver only in relation to packaging suppliers, although the driver 
played a modest role in relation to some other locally manufactured items.
In line with research pattern 2a, this was partly explained by the fact that the global 
business models of the focal companies did not require substantial regionally specific 
product development and the European operations did therefore not incorporate 
substantial local-for-local R&D groups. In relation to most components, the technical 
information exchange between the engineers of the European operations and the suppliers 
was relatively unintensive and a locally based representative of the suppliers could handle 
most communication.
Even if European operations had played a bigger role in the corporate process of 
technological co-ordination with suppliers, this would not have resulted in supplier co- 
location anyway. Information regarding the few cases of R&D activity carried out in 
European operations and regarding the corporate R&D groups shows that, even here,
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efficiency in technical information did not pose a strong driver for buyer-supplier 
proximity. A large part of the technical information exchange was unintensive and did 
not require face-to-face contact and in those cases where face-to-face communication was 
required, it posed no real driver for buyer-supplier co-location. It was relatively easy to 
organise this exchange, in an efficient way, with suppliers located further afield.
As regards logistics, the costs of holding inventories were well appreciated and the 
inbound inventories and pipelines were tightly managed. The picture is one of modest 
target buffer levels and high shipment frequencies. Most components manufactured in the 
Far East and the Americas involved target buffers of between eight and ten days and 
between weekly and bi-weekly shipments. Most material inputs manufactured in Europe 
involved target buffer levels of between eight and ten days and shipment frequencies of 
two or three times a week. As regards material inputs manufactured in the UK and 
Ireland, a number of items were manufactured on a true JIT or nearly true JIT basis, 
involving very low target buffer levels and daily or even more frequent shipments. Other 
components involved higher target buffer levels but shipment frequencies remained high 
-  daily or every second day.
Although modest, these inbound target buffer levels were slightly higher than one would 
expect on the basis of comprehensive logistics management principles alone. However, 
these buffers did not reflect a sub-optimal supply chain solution, a reflection that would 
support rival research pattern 2b. The main reason for the slightly higher levels lay in the 
BTO production strategies of the microcomputer assemblers. A BTO production system 
with short order lead times in an environment of erratic final demand simply requires 
modest buffers between the suppliers and the manufacturing lines of the customer, except 
in situations of extremely short manufacturing cycles at the suppliers. In line with the 
target research pattern, the slightly higher target buffer levels were totally consistent with 
the comprehensive logistics management principles. In effect, the focal companies were 
simply trading-off the costs of modestly higher inbound inventories against the loss of 
market share and revenue due to stock-out.
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In nearly all cases were the buffers positioned, as supplier-owned material, in local 
warehouses, local/regional manufacturing facilities of the suppliers or at turnkey supply- 
chain-managers. The warehouses were managed by 3pls (3pl hubs), the vendors (vendor 
hubs), or even the focal companies themselves. This local positioning of supplier-owned 
inventories should not be interpreted simply as a transfer of the burden of inventories 
from the focal companies to the suppliers -  in line with rival research pattern 2b. 
Suppliers were compensated for the hubbing service and in many cases the focal 
companies had to take the material in the pipeline after a certain period, which meant that 
the risk of obsolescence was not entirely transferred to the supplier. Furthermore, even if 
the focal companies were not contractually obliged to take the product, they would not 
simply cut the pipeline off but work closely with the supplier to try and bring the 
inventories down.
The various component characteristics and contextual conditions that theoretically can 
affect the way companies manage their inbound logistics and the geography of the supply 
linkages proved relevant. In many cases these characteristics led to logistics systems that 
diverged substantially from the prototypical true JIT system. However, this should not be 
interpreted as support for rival research pattern 2b. In line with the target pattern, in all 
cases the divergences were totally consistent with the comprehensive logistics 
management principles. Regional differences in labour costs had a particularly strong 
effect on the geography of the production linkages. To attain total supply chain cost 
effectiveness, companies balanced the efficiencies in logistics gained by using local 
suppliers against material cost price advantages gained by using suppliers in low-wage 
regions. In many cases the optimal solution involved suppliers located in the Far East.
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CHAPTER 6 CONCLUSIONS
This concluding chapter is divided into four sections. The first section discusses the 
contributions of this dissertation to the literature. The main limitations of the research are 
outlined in section 6.2. This is followed by a discussion of the implications for industrial 
development policy in section 6.3. The final section presents suggestions for further 
research.
6.1 Contribution to the Literature
This research has contributed to and developed the literature in a number of ways. Firstly, 
the theoretical underpinnings of the concept of NHVP have been developed by 
positioning NHVP as a distinct post-Fordist form of industrial organisation and 
describing its generic elements. Initially the literature on the perceived transition from a 
Fordist form of industrial organisation to a post-Fordist form focussed on the idea of 
flexibly specialised conglomerations of co-operating SMEs, involved in craft production, 
as the dominant form (Piore and Sabel, 1984). These early ideas were quickly watered 
down by the introduction of the possibility of flexible specialisation around large firms 
(Sabel, 1994, p. 145; Scott, 1992). However, a growing body of academics recognises the 
rise of a different form, referred to by Hudson as New High Volume Production (NHVP) 
approaches (Hudson, 1995; Hudson, 1997a; Hudson, 1997b; Hudson, 1997c; Hudson and 
Schamp, 1995).
Although the existence of NHVP approaches has been acknowledged for some time, this 
dissertation positioned them more precisely amid the other post-Fordist forms of 
industrial organisation by identifying the divergences as well as the commonalties. 
Furthermore, based on a detailed comparison of four text-book NHVP models -  
JIT/TQM (Sayer, 1986); Lean Production/ Lean Supply (Lamming, 1993; Womack, 
Jones, and Roos, 1990); Mass Customisation (Pine, 1993); Time-Based-Competition
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(Stalk and Hout, 1990) -  this dissertation more precisely identified the generic elements 
of NHVP approaches and, importantly, the way these are related.
It was shown that, in contrast to flexible specialisation, NHVP still incorporates strong 
elements of mass production. All NHVP firms, in one way or another, "combine the 
benefits of economies of scope and greater flexibility in responding to consumer demand 
which are characteristic of small batch production with those of economies of scale, 
characteristic of mass production" (Hudson, 1997b, p. 303). Economies of scale continue 
to matter in many situations; Therefore, in contrast to flexibly specialised conglomerates 
of SMEs, NHVP involves large establishment sizes. In this respect NHVP is similar to 
the model of flexible specialisation around large firms. However, where flexible 
specialists focus on the production of small batches of extremely varied products which 
may go through many design changes as they are in process, NHVP approaches still 
involve a high degree of standardisation and routinisation. The degree of product 
differentiation is lower. Furthermore, whereas flexibly specialist production units 
consume a wide range of diverse, variable and often unpredictable inputs, NHVP 
approaches still involve a high degree of component standardisation and streamlining of 
inputs.
As regards the industrial organisation, like flexible specialisation around large firms, 
NHVP involves a high degree of vertical disintegration in combination with strong 
customer-supplier co-operation. However, whereas the large flexible specialist producers 
deal directly with a large number of constantly changing small specialised suppliers, the 
NHVP companies, in search of economies of scale in component production and 
efficiency in the co-ordination of the supply chain, aim to rationalise and stabilise their 
supplier base. Therefore, compared to the flexible specialisation model, the idea of 
NHVP approaches involves a significantly smaller supplier base and a higher degree of 
vertical inter-firm organisation and hierarchy.
Secondly, building further on the clearer conceptualisation of NHVP, the research 
contributes to the literature by identifying the drivers for possible buyer-supplier
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proximity in NHVP industries located in non-core regions. It was shown that, as in the 
case of flexibly specialised conglomerations of SMEs, buyer-supplier proximity in 
NHVP industries might be driven by a search for efficiency in product flow/logistics and 
information flow. However, as regards information flow, the logic in relation to NHVP 
industries is narrower than the logic in relation to flexibly specialised conglomerations of 
SMEs. In the first case the logic is that proximity will enhance the efficiency in the 
formal exchange of information between partners, in the context of increased functional 
integration. The logic cannot be that spatial proximity will increase the transaction cost 
efficiency in the context of increased information linkages spawned by processes of 
vertical disintegration, as put forward by some of the proponents of the flexible 
specialisation thesis (e.g., Scott, 1988). The strongly rationalised and relatively stable 
supply chains make this logic irrelevant in the context of NHVP industries. Socio-cultural 
and institutional factors enhancing information flow between actors in a local milieu are 
generally not considered as proximity drivers in NHVP industries, especially not in the 
context of non-core regions. However, following Cooke and Morgan (1998) it was 
pointed out that it is at least theoretically possible that once a grouping of NHVP branch- 
plants has developed on the basis of efficiency factors, socio-cultural and institutional 
factors start to play a bigger role.
The main contributions to the literature are made by addressing the central problem 
statement of the dissertation:
Do NHVP approaches have significant indirect development effects in the 
form o f linkages, in non-core regions? How does NHVP affect the geography 
o f production linkages?
With the first part of the problem statement -  Do NHVP approaches have significant 
indirect development effects in the form o f linkages, in non-core regions? -  the research 
aimed to contribute detailed information regarding the amount of backward linkages 
generated by NHVP plants in non-core regions. The question was also aimed at gaining a 
strong and unambiguous basis for answering the second problem statement. With the
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second part of the problem statement -  How does NHVP affect the geography o f  
production linkages? -  the research aimed to test and advance existing theories regarding 
the drivers behind the geographical configuration of supply chains.
Based on a critical analysis of the logic related to buyer-supplier proximity drivers 
relevant to NHVP industries one target research pattern and three rival research patterns 
were formulated to guide the research. The research investigated the role of the two 
buyer-supplier proximity drivers that are most often put forward in relation to NHVP 
industries: efficient product flow/logistics and efficient formal information exchange in 
the context of inter-firm functional integration. With this focus, the research did not 
incorporate the role of socio-cultural and institutional issues in driving buyer-supplier 
proximity although it is acknowledged that the issues might be relevant.
The relevance of the various research patterns was tested in a case study of the 
microcomputer hardware industry in Ireland and Scotland, an industry that has been 
presented as a good example of NHVP (Hudson, 1997c; Kotha, 1995, International 
Business Week, 03-10-1983 and 14-05-1984; Morgan, 1991; Sayer, 1986). As outlined in 
the conclusion of Chapter 5, the situation in the microcomputer industry in Ireland and 
Scotland matches closely the target research pattern 2b: no significant local linkages -  
neither comprehensive logistics management principles nor technical information 
exchange drive proximity, but the principles are appreciated. The findings provide very 
limited support for the three rival research patterns.
The findings have a number of implications for existing theory. There are literatures that 
suggest that the adoption of NHVP approaches will have positive implications for 
regional development of non-core regions because of greater indirect, backward linkage, 
effects (Estall, 1985; Kenney and Florida, 1992; Mair, Florida, and Kenney, 1988). The 
idea that NHVP approaches will lead to an increase in local production linkages is 
generally based on a relatively straightforward spatial proximity argument. The argument 
generally involves two proximity drivers: efficient product flow or logistical efficiency
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and efficient formal technical information exchange in the context of increased inter-firm 
functional integration.
Existing empirical evidence regarding the extent of local linkage formation in sectors and 
companies that are generally associated with NHVP is partly in support and partly in 
conflict with this positive scenario. In the context of peripheral regions in Europe the 
positive expectations have been supported by a number of case-studies or surveys that 
found that NHVP industries or companies sourced a higher percentage of their material 
inputs from the local economy than other industries or companies (McCann, 1998; 
McCann and Fingleton, 1996; Phelps, 1997) or that they were increasing their linkages 
with the local economy (Cooke, 1995; Jones and North, 1991; Morris, 1992; Morris, 
Munday, and Wilkinson, 1993; Munday, Morris, and Wilkinson, 1995; Phelps, 1993a; 
Phelps, 1993b; Sadler, 1997). On the other hand, many of these studies (Morris et al., 
1993; Munday et al., 1995; Phelps, 1993a; Turok, 1993; Phelps, 1993b; Turok, 1997) as 
well as other studies (Bordenave and Lung, 1996; Clarke and Beany, 1993; Hudson, 
1997a; Pike, 1998; Schamp, 1991) showed that the level of local sourcing remains low.
This case study of the microcomputer hardware industry, and this is the third contribution 
to the literature, extends the empirical evidence regarding the extent of local linkage 
formation in NHVP sectors in non-core regions. The detailed examination of the supply 
chains in Chapter 5 showed that the 11 focal companies were supported by over 109 
regional suppliers operating 125 plants. The findings might suggest some kind of an 
agglomeration effect in that the majority of plants were supplying two to three focal 
companies.
However, local linkage formation by subsidiaries of microcomputer assemblers in Ireland 
and Scotland remained relatively limited. The vast majority of components and parts 
were imported from regions outside Ireland and Britain, notably from the Far East and, to 
a lesser extent, the USA. Furthermore, it was shown that the actual production activities 
carried out by suppliers located in Ireland or Scotland were very limited or added limited 
value to the product. Thus, the findings of this research do not support the positive
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scenario suggested by some of the studies outlined above. These findings are very similar 
to those of Angel and Engstrom (1995) in their study of the PC industry in the USA. Here 
too, the vast majority of components and parts was imported from the Far East. The only 
items that were mainly sourced from local suppliers included metal casings, screws, 
labels and so forth.
The fourth contribution to the literature concerns the role of the first theoretical driver for 
buyer-supplier proximity -  efficient formal technical information exchange -  in shaping 
the geographical configuration of backward linkages in NHVP industries. Textbook 
NHVP models are characterised by strong customer-supplier integration, involving a 
great deal of technical information exchange between buyers and their suppliers. There 
are those who argue that this will lead to buyer-supplier proximity since a large part of 
the exchange requires face-to-face interaction between engineers (Reid, 1995; 
Schoenberger, 1997). Others have argued that innovations in communication technology 
have reduced the need for face-to-face contact, even in the context of detailed technical 
design issues (Gertler, 1988; Hepworth, 1989; McKinnon, 1997). The findings of the case 
study of the microcomputer hardware industry in Ireland and Scotland provide more 
support for the latter group of authors. Efficiency in technical information exchange was 
a relatively insignificant driver for buyer-supplier proximity.
The research shows that the role of technical information exchange as a driver for 
proximity is partly dependent on the detail of the corporate organisation and the functions 
bestowed on subsidiaries. The textbook NHVP system of multiregional production 
involves 'top-to-bottom', 'paper-concept-to-finished-product', manufacturing systems in 
each of the main markets of the world (Womack et al., 1990). In contrast, and partly in 
support of the more sceptical stance adopted by Hudson (1994), in the microcomputer 
industry R&D remained strongly centralised in the home countries of the focal 
companies. The global business models of the focal companies did not require substantial 
regionally specific product development and the European operations therefore did not 
incorporate substantial local-for-local R&D groups. As a result, with respect to most 
components, European operations had a very limited involvement in technological co­
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ordination with suppliers. The non-intensive nature of the technical information exchange 
between the engineers of the European operations and their suppliers represented only a 
weak driver for buyer-supplier co-location.
Furthermore, the research provides further support for Arita and McCann’s (2000) 
findings that only technical information exchange with a high intensity will drive buyer- 
supplier proximity. In Chapter 5 it was shown that, even if European operations of the 
focal companies had played a bigger role in the corporate process of technological co­
ordination with suppliers, this would not have resulted in supplier co-location. 
Information regarding the corporate R&D groups, mainly located in the USA, shows that 
even here efficiency in technical information did not lead to buyer-supplier proximity. 
Similar results have been reported by Angel and Engstrom (1995) in their study of the PC 
industry in the USA. Angel and Engstrom explain the limited buyer-supplier proximity 
by the fact that the industry has developed many characteristics of a modular system 
(Langlois and Robertson, 1995). In such a system the need for co-ordinated technology 
development is reduced and, the argument flows, this reduces the role of technical 
information exchange in driving proximity.
The results of the present case study point to a slightly different explanation. Although 
the ideas of Langlois and Robertson were partly supported by the findings of the present 
study, the situation was not as extreme. The innovation process still involved a 
substantial amount of co-ordination and information exchange between the focal 
companies and the component suppliers. Following Arita and McCann, this research 
suggests that the explanation for the fact that this technical information exchange did not 
lead to buyer-supplier proximity lies in the intensity of the technical information 
exchange involved, i.e. the detail and sensitivity of the information exchanged. Most 
partnerships in the microcomputer industry are lower-order alliances characterised by 
technical information exchange of a low intensity. This technical information exchange 
requires low levels of face-to-face contact and therefore presents a weak driver for 
proximity.
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The fifth contribution to the literature concerns the role of the second theoretical driver 
for buyer-supplier proximity -  logistical efficiency -  in shaping the geographical 
configuration of backward linkages in NHVP industries. Textbook NHVP models are 
characterised by the pursuit of optimally efficient inbound logistics systems. True JIT 
supply, characterised by a virtual elimination of buffer inventories and a kan-ban delivery 
system that delivers inputs on a daily basis, is often presented as the optimal system and 
some geographers suggest that it will lead to close buyer-supplier proximity (Estall, 
1985; Kenney and Florida, 1992; Mair, 1992; Mair et al., 1988; Sayer, 1986; 
Schoenberger, 1997). Others argue that developments in transport and logistics render the 
proximity argument obsolete for all but a few exceptional situations (Lamming, 1993; 
Milne, 1990). The findings of the case study of the microcomputer industry in Ireland and 
Scotland provide most support for the second idea, but the situation is more complex.
This research shows that true JIT supply should really be interpreted as one extreme 
outcome in a spectrum of possible optimal outcomes based on modem comprehensive 
logistics management principles, which take account of the interrelationships between 
inventory costs, transportation costs, shipment frequencies, the opportunity costs of 
quality associated with inventory and variation in labour costs between regions. A 
number of component characteristics and contextual conditions can lead to supply 
systems involving less frequent delivery patterns, greater shipment sizes, higher buffer 
levels and longer buyer-supplier distance.
In the microcomputer industry in Ireland and Scotland a small number of items were 
supplied on a true JIT basis by manufacturers located in close proximity. However, the 
vast majority of material inputs were imported from other regions, notably from the Far 
East. The supply chains generally involved inbound inventories, stored in local 
warehouses from where the manufacturing lines were supplied on a very frequent basis. 
In relation to this, for the first time this research provided a detailed account of a new and 
innovative way of structuring inbound logistics pipelines -  hubbing.
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Such logistics systems have been referred to as 'apparent JIT' (Lamming, 1993; Ryan, 
1997) or 'pseudo JIT' (Hudson, 1994) and it has been suggested that they are sub-optimal 
and hold no benefit for the supply chain as a whole, since the costs of inventory remain in 
the system (Lamming, 1993). This research showed that the logistics systems of the focal 
companies in the microcomputer industry were not sub-optimal. By sourcing from the 
Far East, companies were simply trading-off price advantages gained by using suppliers 
in low-wage regions against the efficiencies in logistics gained by using local suppliers, 
totally consistent with the modem comprehensive logistics management principles. 
Growing regional differences in labour costs in combination with innovations and price 
reductions in transport and logistics meant that the optimal solution involved suppliers in 
the Far East. Similarly, the effects of various component characteristics, such as unit 
value, bulkiness, minimum efficient scale of production and variety of options were 
consistent with what could be expected on the basis of the comprehensive logistics 
management principles. The necessary inbound inventories were tightly managed. The 
detailed account of the logistics data in Chapter 5 paints a picture of modest target buffer 
levels and high shipment frequencies.
The inbound buffer levels were slightly higher than one would expect on the basis of 
comprehensive logistics management principles alone. However, this research was able 
to show that this was not indicative of a sub-optimal supply chain solution. Rather, the 
main reason for the slightly higher levels lay in the BTO production strategies of the 
focal companies -  underlining the value of taking account of the interrelationships 
between the various elements of the value chain when analysing the geographical 
configuration of backward linkages.
After these main contributions, the sixth and final contribution to the literature is an 
assessment, in a more dynamic framework, of the indirect effects of NHVP-adopting 
MNEs in non-core regions, i.e. an assessment of the actual impact of the linkages on the 
quality and competitiveness of the regional supplier base. As mentioned in section 2.4.2, 
it has been suggested that the quality of the supply chain relations of MNEs that adopt 
NHVP approaches will have a positive effect on regional industrial capability and
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competitiveness, particularly in peripheral and semi-peripheral regions (Munday et al., 
1995). According to this view suppliers are accorded increased technical roles and 
supply-relationships are long-term and co-operative rather than adversarial. The closer 
contact between customer and supplier will increase the demonstration effect of the core 
companies, leading to a general upgrading of the local supplier base and increased 
technological spin-offs. Other geographers paint a less positive picture. Hudson (1997c), 
for example, believes that the supply chain relations will retain many Fordist 
characteristics and remain of a dependent nature.
This research shows that NHVP-adopting MNEs can indeed have a significant dynamic 
effect on their local suppliers in non-core regions. The MNE customers in the 
microcomputer industry have had a significant positive impact on the quality and 
competitiveness of nearly all local suppliers they were dealing with. Contact with the 
MNE customers and the supplier development efforts of the MNEs led to a significant 
upgrading of the local suppliers in various areas. This up-grading facilitated the 
internationalisation of a number of the indigenous companies. The problem was that the 
MNEs had relatively few local linkages, which limited the overall impact on the regional 
industrial capability and in many cases the linkages involved subsidiaries of other MNEs.
It is not easy to relate these findings back to the more general typologies of MNEs and 
their subsidiaries as brought up in the introduction of Chapter 2. There it was mentioned 
that some authors contrast the 'cost or price sensitive company' with the 'performance 
company' with its 'performance' or 'quality plants' (Amin, Bradley, Howells, Tomaney, 
and Gentle, 1994; Amin and Tomaney, 1995; Hardy, 1998; Pike, 1998). Others apply 
concepts such as the 'developmental multinational subsidiary' (Young, Hood, and Peters, 
1994) or 'technical branch-plants' (Glasmeier, 1988) while Turok (1993) juxtaposes 
'developmental' and 'dependent' linkage scenarios. As regards the indirect regional 
development effects, based on the limited amount of linkages created, the focal plants in 
the microcomputer hardware industry cannot be considered performance plants with a 
developmental linkage scenario. However, the local linkages that the focal companies 
created had all the characteristics of developmental linkages -  again, the problem was
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that, due to contextual and component characteristics, the focal companies had created 
relatively few such linkages. This brings into question the value of these rather broad 
typologies.
Furthermore, it should not be forgotten that the focal companies might well have had a 
substantial regional development effect via another route. Although outside the scope of 
this dissertation, the interviews did touch issues related to the direct development effects 
of the focal companies, notably employment structure, training efforts and functions of 
the local operations. The incomplete data suggest that the subsidiaries in the 
microcomputer industry might have characteristics that fit the concept of performance 
company as well as characteristics that fit the cost or price sensitive company. Thus, the 
already mentioned limited R&D functions of the local operations would fit the concept of 
the cost sensitive company as would the industrial relations practices, with almost none 
of the companies recognising trade unions. On the other hand, the focal companies do 
have characteristics of the performance company. Thus, apart from simple assembly 
functions, nearly all local operations were performing a range of other functions, notably 
sales and technical support, logistics and, in some cases, shared HQ functions. 
Employment figures reveal that, apart from high numbers of low skilled labour, the 
companies employed large numbers of highly skilled technicians/engineers as well as 
managerial, supervisory and professional workers. Finally, all focal companies were 
spending great resources on the training of their workforce.
Having discussed the main contributions of the research regarding the geography of 
production linkages in the microcomputer industry, questions arise regarding the overall 
geography of the industry. The fact remains that at the time the research started, in 1998, 
both Ireland and Scotland had a sizeable grouping of microcomputer assemblers. The 
most important branded computer makers with manufacturing facilities in Europe were 
concentrated in Ireland and Scotland and together these companies produced the bulk of 
branded microcomputers sold in Europe. The grouping suggests that agglomerative 
forces were in operation. The findings of this research suggest that, if the concentration 
was the result of agglomerative forces, it is unlikely that these were related to buyer-
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supplier product flow or information exchange. So what other factors might have 
underlain this concentration of microcomputer assemblers?
First, the concentration of assemblers might be related to the agglomeration advantages in 
the form of a local pool of labour, providing efficiency gains by maximising job- 
matching opportunities (Gordon and McCann, 2000; Krugman, 1991). Second, there is 
the possibility that part of the explanation for the concentration of assemblers lies in 
socio-cultural and institutional factors, but here not related to local buyer-supplier 
linkages. Apart from enhancing buyer-supplier relations, socio-cultural and institutional 
assets and an associational capacity can facilitate a co-ordinated approach towards inward 
investment promotion, industrial policy, enterprise support and the provision of education 
and training, and this co-ordinated approach might have been instrumental in the 
companies’ decision to invest or expand in Ireland or Scotland. Finally, there is always 
the possibility that there are no agglomerative forces at play and that the location of 
individual assemblers is largely unrelated to the presence of the bigger group of 
assemblers. It might well be that the concentration of assemblers is largely driven by the 
simple fact that all assemblers are attracted to a location offering a ready supply of 
relatively cheap and skilled labour, fiscal and financial incentives and access to the 
European market.
6.2 Limitations of the Study
As regards the limitations of the study, the first thing that needs to be stressed is that the 
main findings of the case study, those directly related to the problem statement outlined 
above, cannot be generalised to the wider population of NHVP industries. As explained 
in Chapter 3, the case study design does not involve a generalisation to populations. 
Rather, theories about the geographical configuration of other NHVP industries are the 
target to which the results might be generalised. However, this generalisation is not 
automatic but requires the replication of the findings in a second or even third NHVP 
industry. Thus, the present case study serves as one element in a broader academic
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process of cumulative theory formation in which future case studies will further support, 
refine or adapt the developed target theory. The most obvious industries for future case 
studies are outlined in section 6.4.
The second limitation of the study is of a methodological nature and might affect the 
validity of the conclusions. No precise data were collected on the inventory levels at 
suppliers’ manufacturing facilities in other continents. It is therefore theoretically possible 
that the supply pipelines of the focal companies involved substantial inventories at the 
suppliers' manufacturing facilities in the Far East and the Americas, making the logistics 
systems less efficient than the key logistics data presented in this dissertation would 
suggest. However, based on logically deduced ideas as to the production and logistics 
systems at suppliers in other continents as presented in Chapter 5, the (informed) 
suppositions of interviewees and the feedback from academics, my contention is that this 
is unlikely, to be the case.
The third limitation is that, in search for an explanation of the geography of production 
linkages, the research only investigated the role of the two buyer-supplier proximity 
drivers that are most often put forward in relation to NHVP industries: efficient product 
flow/logistics and efficient formal information exchange in the context of inter-firm 
functional integration. The role of socio-cultural and institutional issues in driving buyer- 
supplier proximity was outside the focus of this research. Although these issues are 
seldom brought up as a driver for buyer-supplier proximity in the context of subsidiaries 
of NHVP industries in non-core regions, as mentioned above, it is theoretically possible 
that these issues have been partly responsible for the local linkages created by the 
microcomputer companies in Ireland and Scotland. The precise role of these issues can 
only be established by additional research. However, given the fact that the focal 
companies created few local linkages, one can already draw the conclusion that they were 
not a strong buyer-supplier proximity driver in case of most components.
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6.3 Implications for Industrial Development Policy
If the conclusions of this research are valid than the findings hold lessons for industrial 
development policy in Ireland and Scotland. Industrial policy and the strategies of the 
industrial development agencies in Ireland and Scotland have long included the idea of 
building integrated vertical production clusters around subsidiaries of MNEs (IPRG, 
1992; Turok, 1997). The findings of this research suggest that such a strategy is 
becoming increasingly unsuitable in the context of most NHVP industries, although it 
might partly depend on the physical characteristics of the components used. The growing 
difference in labour costs between Ireland/Scotland and the Far East and recently Eastern 
Europe, in combination with innovations and price reductions in transport and logistics 
make it increasingly unlikely that such policies and strategies will be met with success if 
applied to the microcomputer hardware industry. In fact this research showed that, since 
the mid-1990s, a substantial number of suppliers of the microcomputer assemblers 
downsized or closed their manufacturing operations in Ireland or Scotland. The present 
supply-chain solutions diverge from the prototypical true-JIT systems. However, one 
should not expect a development in the direction of true JIT and an associated increase in 
local sourcing. The logistics systems in the microcomputer industry simply present the 
optimal supply-chain solution in the present context.
The strategy of building integrated vertical clusters around subsidiaries of MNEs 
involved in NHVP is probably increasingly unsuitable in the context of most other NHVP 
industries as well. The strategy might meet more success in industries using components 
with a high physical volume or weight. The strategy might also be more suitable in 
industries where partnerships involve higher-order alliances, such as joint R&D, 
characterised by technical information exchange of a high intensity, although even here 
the success of the strategy is conditional on the global business models requiring 
substantial regionally specific product development, carried out by local for local R&D 
groups.
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The unsuitability of a strategy of building and maintaining fully integrated vertical 
clusters around the subsidiaries of microcomputer assembly companies has been 
recognised to some extent by the industrial development agencies, at least in Ireland. The 
idea of building an integrated PC cluster was still very much part of the IDA strategy in 
1995 (Casey, 1995). But one year later, in response to the increasing competitive pressure 
from low cost locations in the second half of the 1990s, the IDA started to actively 
discourage companies from establishing certain manufacturing operations in Ireland 
where the main attraction was a lower cost base (Carey, 1996), and in its 1996 review 
the sub-sector 'peripherals and media' was dropped as a key target sector for promoting 
foreign direct investment.
This does not mean that the strategy was initially incorrect. The strategy was probably the 
correct one in the context of semi-peripheral Ireland/Scotland during the 1980s and early 
1990s and is currently probably still the correct one for other peripheral and semi­
peripheral economies, notably China, Indonesia, Malaysia and some Eastern European 
economies. During the 1980s and early 1990s the difference between wage levels in 
Ireland/Scotland and those in relevant countries in the Far East was far smaller than it is 
now and Ireland and Scotland could still successfully compete for low-wage based 
manufacturing operations. Over the period, both countries attracted a certain number of 
component manufacturers that, apart from providing welcome employment opportunities 
for lower skilled labourers, also employed and trained an increasing number of engineers, 
technicians, managers and other professionals, thereby upgrading the quality of the 
workforce for a next generation of inward investments. Furthermore, the expanded 
supply-base, although relatively limited, was probably a helpful factor in persuading 
other assembly companies to invest in Ireland/Scotland.
The point is that during the 1990s both Ireland and Scotland appear to have started a 
transformation from semi-peripheral economies to high-wage core economies. In such a 
context a strategy of building fully integrated vertical manufacturing clusters around 
subsidiaries of microcomputer assemblers and many other NHVP companies appears 
unsuitable. Microcomputer assemblers will continue to create a certain amount of
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backward linkages with the local economy, but these will increasingly be of a service 
type, as in turnkey supply-chain-managers and logistics providers, rather than of the 
manufacturing type.
Anyway, the suitability of a strategy of building integrated clusters around subsidiaries of 
MNEs involved in NHVP might well become an academic issue. The above mentioned 
growing difference in labour costs between Ireland/Scotland and the Far East and 
recently Eastern Europe and the innovations and price reductions in transport and 
logistics not only reduce the relative attractiveness of Ireland and the UK as a location for 
microcomputer component production. Even more threatening, it also appears to reduce 
their attractiveness as a base for system assembly.
Some argue that shipping costs basically rule out the importation of computer systems 
from South-East Asia to Europe (Mulqueen, 2000). However, recent shifts of system 
assembly activity out of Ireland and the UK suggest that this is not necessarily so. One 
case is Apple that in 1999 first subcontracted the assembly of the I-Mac to LG in Wales. 
This proved not to be cost-efficient and production was shifted to the Far East (Interview 
Barry, Apple, April 2001). More recently Packard Bell-NEC was planning to close its 
Scottish manufacturing plant and shift the production of microcomputers for the 
European market to China (Lemer, 2002). In a similar way, companies have been shifting 
production to Eastern Europe. For example, in 2001 Compaq in Scotland out-sourced a 
large part of PC assembly activities to a supplier in the Czech Republic (Grande, 2001) 
while in 2000, Apple shifted the I-Mac business to a new partner with manufacturing 
facilities in the Czech Republic.
These shifts of assembly activity to low-cost locations in combination with a competition 
induced shake-out of branded microcomputer makers have led to a serious reduction in 
microcomputer assembly activity in Ireland. Thus, of the five original focal companies in 
Ireland, by 2002 only Dell and Apple were still assembling microcomputers while 
Apple’s assembly operations were seriously downsized compared to 1998. Similarly, of 
the six original focal companies in Scotland, only Sun, Packard Bell-NEC, IBM and
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Compaq were still assembling systems by 2002. Furthermore, IBM and Compaq had 
significantly downsized their assembly operations while Packard Bell-NEC was planning 
to close its plant.
Clearly a strategy of building integrated vertical clusters around manufacturing 
subsidiaries of MNEs involved in NHVP does not look very promising in the context of 
Ireland and Scotland. Young et al. (1994, p. 669) call this the “local sourcing route” to 
cluster development around subsidiaries of MNEs. The alternative route identified by the 
authors is via “technological innovation”. Here, technological cluster development might 
be stimulated through co-operative R&D projects involving companies, university 
research labs and government research institutions. This appears to be the more 
appropriate route for Ireland and Scotland to take but it is difficult to see how NHVP 
operations can play a role where these operations do not incorporate substantial local-for- 
local R&D groups, as is the case in the microcomputer hardware industry.
6.4 Suggestions for Further Research
The discussion of the contributions and limitations of this research provide several leads 
to further research. First, as mentioned in section 6.2, the present case study serves as one 
element in a broader academic process of cumulative theory formation in which future 
case studies will have to further support, refine or adapt the developed target theory.
The most obvious contenders for replication case studies in the context of Ireland and 
Scotland would be the telecommunication and networking hardware industries that 
appear to have many characteristics of NHVP industries. Furthermore, in the context of 
other UK non-core regions the consumer electronics and automobile industries are 
obvious examples of NHVP industries. This latter industry can also serve as a critical 
case for the further testing of one part of the theory -  the idea that the causal relation 
between logistical efficiency and customer-supplier proximity is partly dependent on the 
bulkiness of the supplied components. Most of the components used by the 
microcomputer hardware industry have a relatively low physical volume and the findings
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confirmed the postulation that this characteristic is one of the factors influencing the 
linkage distance. Many of the components in the automobile industry have a high 
physical volume, which makes the industry a critical case for the further testing of the 
effect of this component characteristic.
Secondly, to complement the present research, future studies might focus more on the 
role of socio-cultural and institutional issues in driving buyer-supplier proximity. These 
issues were not touched in the present research because they are seldom brought up as a 
driver for buyer-supplier proximity in the context of subsidiaries of NHVP industries in 
non-core regions. However, it is theoretically possible that these issues did play a role.
Thirdly, one of the limitations of this research was that no precise data were collected on 
the inventory levels at suppliers' manufacturing facilities in other continents. An 
investigation into the production systems and outbound inventory levels at suppliers' 
manufacturing facilities in South-East Asia and the Americas might confirm the logically 
deduced ideas and suppositions of the interviewees, thereby increasing the robustness of 
the developed theory.
Fourthly, this research established that buyer-supplier linkage related factors probably 
only played a very limited role in the formation of the existing grouping of 
microcomputer assemblers in Ireland and Scotland. It would be very interesting, from 
both an academic and policy perspective, to establish in future research what has driven 
this concentration of microcomputer assemblers, or indeed other concentrations of NHVP 
companies in Ireland and Scotland.
Finally, the present research found indications of a possible shift of both component 
manufacturing and system assembly activity in the direction of Eastern Europe, notably 
to the Czech Republic and Hungary. Some activity is relocating from Ireland/Scotland 
while other activity appears to be shifting back from the Far East to Europe, consistent 
with the comprehensive logistics management principles. A detailed investigation of this 
shift of MNE manufacturing and assembly activity out of Ireland/Scotland along with an
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analysis of the kind of activities that are retained would make an important contribution 
to the academic and policy debate on industrial development
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Interviews With Focal Companies
Apple Computers, Cork, Ireland
Ms Abbott, Sara HR Manager
Mr Barry, John 
Mr Gantley, Joe 
Mr Ruddy, Ciaran 
Ms Walsh, Hellen
Logistics Manager
Managing Director and Director 
EMEA
Material Manager 
Materials Manager
Apricot-Mitsubishi, Glenrothes, Scotland 
Mr Campbell, Bill Managing Director
Mr Carson, Kevin Materials and Procurement
Director
AST Research, Limerick, Ireland
Mr Cahalane, Joe Managing Director (acting)
Ms, Clarck, Ann HR Manager
Ms Kiely, Caroline Materials Manager
Mr Frawley Neil Materials Director
Compaq Computer Manufacturing, Bishopton, Scotland 
Cameron, David HR Manager
Darragh, Jim Material Manager
Hedry, Agnes 
MacIntyre, Alan
Mcnair, Ian
HR Officer 
Purchasing Manager
Site Director
Dell Computer Corporation, Limerick, Ireland
Mr Allen, Padraigh 
Mr Casey, Pat 
Mr Clarke, Gerry 
Mr Hennesey, Ray 
Mr Lucey, Denis 
Mr O’Donnal, Dan
Mr Walsh, Mike
Vice President Manufacturing 
HR Manager
Strategic Project Manager 
Logistics Manager (Outbound) 
Director European Product Group 
Logistics Officer (Inbound)
Materials Officer
September 1999 
December 2000, 
April 2001 
October 1999
September 1999, 
October 1999 
November 1998
July 1999 
February 1999, 
July 1999, 
April 2001
September 1999 
September 1999 
November 1998 
November 1998
September 1999 
September 1999, 
April 2001 
September 1999 
February 1999, 
September 1999 
February 1999, 
September 1999
October 1999
October 1999 
October 1999 
January 2000 
October 1999, 
April 2001 
November 1998, 
October 1999, 
April 2001
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Digital Equipment Corporation, Ayr, Scotland
Ms. Auld, Yvonne HR Manager
Mr. Cairns, Bemie Planning and Procurement
Manager
Mr. Hammond, John Training Manager
Mr. Tyldsley, Gary Commodity Manager
Gateway Computers, Dublin, Ireland
Mr. Flynn, Dave Operations and Production
Manager.
Mr. Hammil, Don
Ms. Kelly, Linda 
Mr. Maloney, Mike
Ms. Yazdampen, Tanya
HR Manager
Procurement Officer 
Site Manager and Director of 
Marketing EMEA 
Training Manager
IBM UK, Greenock, Scotland
Mr. Baillie, Ian
Mr. Harley, Michael 
Mr. Higgy, Bob
Mr. Nugent, John 
Mr. Stanton, Harry
Distribution and Logistics 
Manager 
HR Manager 
Director of Development
Manager Operational Input 
Technologies 
Procurement Manager
Intel Ireland, Leixlip, Ireland
Mr. Nagle, Liam Former Manager ESSM Systems
Division
Ms. O'Farrel, Una Procurement Officer, Intel
Cartridge Plant,
Mr. Smith, Nick Procurement Officer, Intel Fab.
10 and 14
Packard Bell-NEC, Livingston, Scotland
Mr. Allen, Tony 
Mr. Bucannon, David 
Ms. Collins Caroline 
Mr. LoockerPaul 
Mr. Rooney Barry
Managing Director 
Technical Trainer 
HR Manager 
Managing Director 
Materials Manager
July 1999 
July 1999; 
April 2001 
July 1999 
Feb 1999; 
July 1999
November 1998; 
September 1999; 
January 2000; 
April 2001 
November 1999
November 1998 
November 1999
November 1999
February 1999
July 1999 
July 1999
February 1999 
July 1999 
February 1999; 
July 1999; 
April 2001
November 1998; 
March 1999 
April 1998
July, 1998
April 2001 
September 1999 
October 1999 
October 1999 
September 1999 
October 1999
309
Sun Microsystems, Linlithgow, Scotland
Mr. Aitken, Hugh 
Mr. Bain, Colm
Mr. Carslow, Alison
Mr. Kerr, Eddie 
Mr. Steven, Graham
Vice President European 
Operations
European Systems Manager
HR and Training Officer
Supply Materials Director 
Logistics Director
February 1999; 
July 1999 
July 1999
July 1999 
May 2001
August, 1999
Telephonic Interviews with a Selection of Supplier Firm s
Alps Electronic, Millstreet, Ireland
Mr. O'Shauglin, Brendan Production Manager
Amphenol, Port Glasgow, Scotland
Ms. Meers Information Officer
B.G Turnkey Servicesf Cork, Ireland
Mr Doyle, Brian Sales Division Manager
Foxteq Engineering, Mullingar, Ireland
Ms. McCann, Emelda Production Material Control
Manager
LMS-Beach (Flextronics Enclosures), Tullamore, Ireland
Mr. Roche, Sean Logistics Manager
Logitech, Cork, Ireland
Information Officer Information Officer
Methode Ireland
Mr. Ryan, Kieran Technical Sales Engineer
Modus Media, Kildare, Ireland
Mr. Fisher, Stephen General Manager
Mr. Coldwell, John Sales Director
NABS, Greenock, Scotland
Sales Officer Sales Officer
Phoenix Cables, Irvine Scotland
Sales Officer Sales Officer
Quantum, Dundalk, Ireland
Mr. Murphy, Leo Production Manager
SerCom Solutions (Printech), Dublin, Ireland
Mr. O'Grady Marketing Manager
February 2001 
February 2001 
February 2001 
April 2001
April 2001 
February 2001 
February 2001
February 2001 
February 2001
February 2001 
February 2001 
April 2001 
February 2001
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Sykes (SDL International'), Galashiels, Scotland
Mr. Madden, Mike Operations Manager
Techdyne, Livingston, Scotland
Mr. Patterson, David Operations Manager
US Print, Livingston, Scotland
Ms. Meek, Beverly Information Officer
Volex, Calstelbar, Ireland
Production Manager Production Manager
February 2001 
February 2001 
February 2001 
February 2001
Interviews with Industrial Development Organisations
Scottish Enterprise, Glasgow, Scotland
Mr. Bryce, Alex Manager, Information Industries
Group (Locate in Scotland)
Mr. Togneri, Martin Senior Director International
Operations (Scottish 
Development International)
IDA Ireland, Dublin, Ireland
Mr. Hanna, David Manager ICT Division
Mr. Murphy, Donal ICT Division East Coast/Mid-
West USA & Asia
December 1998 
December 2001
December 2001 
April 1998
Forbairt, Dublin, Ireland
Kennedy, Tom Kennedy Project Manager National 
Linkage Programme
October 1996
Interviews with Other Inform ants on Development o f Com puter Industry in 
General
Adamson, Jim Former Managing Director, NCR, December 2001
Scotland
Frane, Tom Former Managing Director December 2001
Honeywell, Scotland,
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A P P E N D IX  A  L E T T E R S  S E N T  T O  F O C A L  C O M P A N IE S
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A 1 Letter of Introduction
Mr/Ms X 
Managing Director 
Company X
Dublin, October 1st 1998
Re Participation in research Dublin C ity  University/ ID A -Ireland.
Dear Mr/Ms X
Thank you very much for co-operating in our project You asked me to provide some 
further detail about the research project and the kind of information we are looking for
As you already know the project is funded by Forfas and has the backing of IDA Ireland 
They hope that the study will provide them with a better understanding of the 
geographical aspects and infrastructural requirements of new high volume production 
concepts, e g Mass Customisation We identified Company X as a good example We 
will study the spatial implications and logistical requirements of new high volume 
production concepts with a focus on supply-chain relations
We are developing a rather comprehensive research design Given the complexity of the 
topic we think it will eventually be necessary to talk to different people in your company 
However, before finalising a detailed design, we aim to collect part of the data we are 
interested in This will help us to fine-tune the second part of the data-collection stage In 
this first stage we would like to discuss your supplier relations m a short (not more than 
one hour) interview We aim to get insight into the geographical location of your 
suppliers and inbound logistical arrangements We are not searching for figures of any 
kind1 The materials manager might be the most suitable member of your management 
team
Building on the acquired insights, we will subsequently prepare a second questionnaire, 
which will explore the requirements of Time-Based-Competition in more detail This 
next phase of research is scheduled for the second quarter of 1999 We will contact you 
again in order to discuss the most appropriate member of staff for interview
Yours sincerely,
Drs Chris van Egeraat
Dublin City University Business School
Economics and F inance Group, Tel 01-8681729
313
A 2 Invitation to Participate m Second Stage of Research
Mr /Ms X 
Managing Director 
Company X
Dublin, July 2 1 st 1999
R e Participation in second stage of research Dublin C ity University Business 
School/ ID A-Ireland
Dear Mr/M s X
As you already know, Dublin City University Business School, in co-operation with 
IDA-Ireland, is undertaking research on the relation between new production concepts 
and the spatial structures of production networks and the implications for industrial 
development in Ireland and Scotland
Last year you responded favourably to the request of Mr Donal Murphy (IDA-Ireland), 
to participate in a multi-stage research project and facilitated interviews with several of 
your staff members
We are now starting the second phase of the research project Your participation at this 
stage would involve an interview during which you are invited to discuss a number of 
strategic issues at a corporate and subsidiary level Furthermore, as discussed last year, I 
would like to meet a number of your staff members for a second interview
I will contact you next week, to ascertain whether you are able to participate and, if so, to 
arrange a suitable date
Yours sincerely,
Drs Chris van Egeraat
Dublin City University Business School
Economics and Finance Group
Tel 01-8681729
314
A P P E N D IX  B  Q U E S T IO N N A IR E S  
B  1 Q u e s t i o n n a i r e  f o r  I n t e r v i e w  1
315
Company name
Start o f  operations
Start o f  computer production
Num ber o f  employees
1 Please discuss governance structure of the company
2 Product lines/activities of this facility
3 Geographical market served by this facility
4 Please discuss location of manufacturing and logistics facilities
5 Please discuss the ’assembly chart' of the different product lines in relation to
the inbound logistical arrangements
•  Please discuss level of integration of incoming enclosures
• Who designs and who manufactures the motherboards9
•  Are any of the systems manufactured by contract manufacturers9
•  Are any of the systems manufactured on a full turnkey basis9
•  Has this always been the case9
•  Activities of other subcontractors9
•  Please discuss organisation of inbound logistics
•  Please discuss outbound logistical arrangements9
6 Please discuss this subsidiary’ s involvem ent in  R & D  and design
7 Please discuss this subsidiary's contact w ith  suppliers regarding
•  operational and logistics co-ordination
•  technical/design partnership
•  supplier development
8 Please discuss locational issues o f  suppliers ( in  re lation to the entire company)
Company name name interviewee, date 316
TIME BASED COMPETITION AND SPATIAL CONFIGURATION OF PRODUCTION NETWORKS
Dublin C ity  U niversity Business School (in co-operation with Forfas and ID A  Ireland)
Project co-ordinator Drs Chris van Egeraat (Tel 8681729 Fax 7045446)
^ociipoh^ßT^cmüfactu£mg^: W M W W ^Ê Ïgàn isM iom i^ siu esJ^
Com plete system s (C E M )
Housing / assem bly
Enclosures
Bezel
Other plastic parts
Other metal parts
Drive cages
Screws and fasteners
Racks
Other
Storage
Hard disc drives
Floppy disc drives
Zip drives
CD-ROM  drives
CD-RW  drives
DVD drives
Tape drives
Combo drives for portables
Tape back-up/ autoloaders
Other internal components
Memory
Microprocessors
Motherboards
Company name name interviewee date
m m m m w m w m m
Riser cards
Network cards
Modem cards
Sound cards
Video/graphics cards
Power supplies
Cooling fans
Heat sinks
Other
C ables and Interconnect
Power cable
Drive interface cables
Internal power cables
A C  adapter for portables
Other cables
Input Devices
K ey boards
Mice
Joysticks
Microphones
Digital Cameras
O utput Devices
Printers
Scanners
Speakers
Monitors/displays
O ther
Country kits
Media (CD-ROM / Floppy disk)
Company name name interviewee date
m p e m i i n M
Printed media
Mouse mats
Batteries for portables
Printed labels
Laptop covers
Docking stations
Packaging
Other
Inputs fo r P C B A  line
Unpopulated boards
Microprocessors
Memory
Other semiconductors
Capacitors
Resistors
Surface-mount interconnect parts
Jumpers and Switches
Batteries
Other
Inbound Logistics partners
Outbound Logistics partners
M aintenance/service partner
O ut-plant labou r services
Company name name interviewee date
B 2 Q uestionnaire for Interview  2
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tG E N E R A L
1 Start o f  computer production
2 Total investments in  fixed  assets
3 Num ber o f  em ployees  O f w h ich  temporary labour %
4 Turnover m 1998
5 Num ber o f  units manufactured in  1998
6 Value o f  exports in  1998
O R G A N IS A T IO N  A N D  S T R U C T U R E
7 Please, briefly discuss the position of this plant within the organisational structure 
of European operations
8 Please, give location of the following activities in Europe
- European headquarters (or division offices)
- European R&D facilities/activities
- Headquarters European marketing
- Headquarters European sales
- European telesales centre 
European technical support centre
- Distribution centres in Europe
- Other facilities in the region
9 Your company has a number of similar assembly operations in each of the mam 
markets of the world Please evaluate the role of the following factors for having 
an assembly operation in Europe
Not important Very important
1 2 3 4 5 6 7
Hold down the delivery time/distribution
cycle time _____ ________________ __________________________________
Hold down transport costs ________________________________________
Overcome (potential) trade barriers _______________________
Exchange rate is s u e s ___________  ______________________________
'Being in touch' with the needs o f  the
European m a r k e t ____________________________________ ____________
Other, please s p e c t f y ________________________________________________________
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10 Please evaluate the importance o f  the fo llo w in g  factors in  locating/expanding your 
European assembly operation in  Ireland o r Scotland
Labour costs relative to other European
locations 
M anagerial skills base 
R& D/technical skills base 
A vailability o f  m anual labour 
English speaking workforce 
Local industrial relations regim e 
Flexible labour force 
Fiscal incentives 
Financial grants 
Local supplier network 
Local capability o f  logistics providers 
Institutional support system 
Land costs
Local technology base (e g research
institutes)
Location o f  com petitors (following com p ) 
O ther (please specify)
Not
important
1
Very im portant
11 Please m ark local autonomy-levels in  the areas listed below, and iden tify  the 
location o f  decision-m aking
No Full Location
involvem ent autonom y o f
1 2 3 4 5 6 7 final
decision
Product portfolio/ product strategy 
Production process/ m anufacturing system 
Sales and m arketing 
Product pricing 
Further investments 
Purchasing/ supplier selection
C U S T O M E R  R E L A T I O N S
12 Please discuss the way in  w h ich  you have segmented your customers
13 Please discuss the present channel strategy (discuss number o f  partners etc and  
level o f  in tegra tion)
14 Please estimate the order lead tim e fo r the various segments
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THE ASSEMBLY FACTORY
15 In  re lation to computer assembly, do you em ploy a cell or a line production9 O r is 
it  a m ix 9
16 Is there a difference in  the batch size fo r the various product varieties/segments9
17 H ow  im portant are the fo llo w in g  strategies to th is company in  addressing the 
problem  o f  fluctuating demands
Very
Not important important
1 2 3 4 5 6 7
N um erical flexibility (overtim e, part-tim e
and tem porary workers) _______________
Subcontracting (system s and/or
com ponents/processes) _______________________
C hanging production to a different
product _______________________
M ulti-locational capacity m anagem ent
Adjust m arketing (to sm ooth production) _______
M anufacture to stock 
O ther (please specify)
18 In  case you produce motherboards on site, is this ac tiv ity  part o f  a computer 
integrated manufacturing system, lin k in g  it to the system assembly p lant9 
Yes N o
Component sharing  m odularity  is rea lised when the same component is used across 
m ultip le products Component swapping m odularity  is rea lised when different 
components are p a ire d  w ith  the same basic p roduct F ina lly , bus m odularity  is 
obtained when a standardised structure a llow s va ria tion  in the type number and  
location o f  modules that can p lu g  into it
19 H ow  many enclosure models do you use and to what extent are they standardised 
(a llow ing  fo r component sharing m odularity or component swapping m odularity)
20 H ow  many motherboard models do you use (before the integration o f  
microprocessor and R A M ) and to what extent are they standardised (d ifferent 
boards usable across m u ltip le  products)
21 Has your company worked towards other ways o f  component swapping/sharing 
m odularity
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22  Discussion o f  the gaps in  the in form ation le ft a fte r f i r s t  interview  and queries
23  W ith  respect to the systems bu ild  by your CEM s
a to what extent are these systems customised/standardised to ind iv idua l 
customer requirements
b to what extent do these CEM s manufacture to order (or do they ro ll out an 
agreed number o f  units)
2 4  do the CEM s ship d irectly  to the customer7
25  Do you em ploy subcontractors or contract labour on site9
2 6  H ow  do you try  to smooth production fo r the suppliers9
2 7  Please discuss the company's sourcing strategy (relevance o f  issues like  reducing 
the number o f  suppliers per component and single/dual sourcing) W hat is the 
log ic behind this strategy (Probe the issues o f  s tim u la ting  partnersh ip , decreasing 
complexity, stim u la ting  com petition f o r  non-strategic parts, e ffe c t o f supplier 
capacity, e ffe c t o f supplier capacity o r e ffe c t o f requ ired  varie ty , e tc )
28  I  have found that a number o f  parts/components are typ ica lly  sourced from  
suppliers w ith  a m anufacturing presence in  Ireland/Scotland/W ales/England In 
your opinion, what differentiates the products listed below  (or the ir suppliers) 
from  products that are sourced from  other regions9 (Probe the issues o f  
component characteristics (value, weight% level o f  customisation, customer 
pow er)
- Enclosures
- PCBA
C D -R O M  pressing and printed matter
- Cables/interconnect
- Keyboard localisation 
Packaging 
M onitors
2 9  W hich o f  the suppliers located in  Ireland[/Scotland] also supply other assembly 
fac ilities o f  your company w orld -w ide  and w h ich  o f  the suppliers located in  
Ireland do not supply other assembly fac ilities  o f  your company w o rld -w ide9
L is t loca l suppliers
30 W hich o f  your suppliers located in  Ireland[/Scotland] also use fac ilities  in  other 
regions to supply your company w orld -w ide9
L is t loca l suppliers
THE SUPPLY CHAIN
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i31 Please discuss the contact that this fa c ility  (o r regional product development 
group) has w ith  its suppliers regarding product and process development and/or 
ongoing technical co-ordination (intensity and content o f  face-to-face contact 
moments)
32 Are suppliers' engineers resident at this subsidiary or does this subsidiary share 
personnel w ith  the m ajor suppliers fo r component/product development reasons9 
Please discuss
33 H ow  im portant were considerations regarding product and process development 
and/or ongoing technical co-ordination, fo r your decision to choose a supplier 
w ith  a 'local' m anufacturing presence9
These considerations These considerations played a very
played no role important role
1 2 3 4 5 6 7
S uppliera  
Supplier b 
Etc
34 H ow  im portant were log istical (chain cycle time) consideration fo r your decision 
to choose a supplier w ith  a 'local' m anufacturing presence9
Choice for supplier with local 
manufacturing presence is not 
influenced by logistical 
considerations
1 2  3 4
Supplier a 
Supplier b 
Etc
35 In general, how  im portant has government pressure/stimulation been fo r your 
decision to choose a 'local' supplier9
Played no role _______________________________________________________________ very important role
36 I f  none o f  the suggested reasons (log istics, technical co-ordination, government 
stim ulation) is relevant fo r your choice o f  a local supplier, what is the m ain reason 
fo r your decision to choose the particular local supplier9
37 Please discuss the organisation o f  supplier selection on a corporate level H ow  is 
this subsidiary invo lved in  supplier selection9 Can you put forw ard suppliers9 
Examples9
38 Please discuss this subsidiary’s involvem ent in  supplier development (defined as 
policies, procedures and practices fo r assessing and im proving  supplier capability 
and performance in  m u ltip le  areas such as quality, design support, and delivery) 
W hich local suppliers d id benefit9
Logistical considerations 
played a very important 
role
5 6 7
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39 Does this company discuss regionally strategic investments w ith  its main 
suppliers9 Please give examples
40 Does the organisation o f  logistics between this subsidiary and its local suppliers 
require regular face-to-face contact9 Is this d iffe rent fo r suppliers w ithout a local 
manufacturing presence9
41 What is the log ic  behind the fact that some components are sourced local but are 
also sourced from  other regions (e g enclosures and PC BAs)9 [P robe the 
relevance o f  the cost o f  the d ies]
L O C A L  IM P A C T
42 Please estimate the expenditure in the national economy (and percentage o f  total 
expenditure) m  1998 As regards parts and components, please on ly  include those 
parts that are actually manufactured m the national economy
Expenditure m local economy_________Percentage o f total expenditure
Parts/components
Services
Wages
43 Please estimate the percentage o f  total parts/components actually manufactured in  
Ireland and B rita in  together in  1998
44 Has your company's, or other m icrocom puter companies', local demand fo r inputs 
encouraged
a The establishment o f  subsidiaries o f  other M NEs in  Ire land/[Scotland]9 
b The development o f  new suppliers in  Ire land/[Scotland]9
I f  yes, please give examples
45 D id  your local suppliers have to adapt in  order to become approved suppliers9
Expand Upgrade process Upgrade product Upgrade organisational
capacity technology technology/ expand routines (Including JIT
(machinery) product range supply WCM TQM etc )
Supplier a 
Supplier b 
Etc
46 What has been the improvement in  and/or adaptations o f  the local infrastructure to 
meet your plant's needs9
47 Please discuss links ( i f  any) w ith  the local 
a Research institutes
b Business Associations
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IN B O U N D  L O G I S T I C S
48 Please discuss your inbound logistics strategy (discuss whether the company 
works towards a p a rtic u la r logistics organ isa tiona l fo rm  -  ownership o f  
inventory, use o f  3p ls / vendor hubs, required  inventory levels)
a In  case o f  w h ich  parts/components do you take ownership o f  the inventories 
(in  either on-site or o ff-s ite  warehouses)9 
b H ow  many weeks inventory do you hold fo r these parts/components9
c H ow  many weeks inventory do you require fo r vendor hubbed parts in  3p i9
d H ow  many weeks inventory do you require fo r other vendor hubbed parts9
e W hich components are manufactured in  a near-JIT environment (v ir tua lly  no
buffers
f  In  relations to vendor hubbed inventories what is the level o f  inventory you are 
liable to take at some po in t (e g  10 days lia b ility  w ou ld  mean that, in  case you  
want to k i l l  the p roduct o f f  you are liab le  to take the 10 days agreed inventory  
level in  the hub ) 
g Is this period d ifferent fo r customised - standardised parts9
h Where are the 3p i warehouses located9
i A re these 3pl warehouses company specific or can they consolidate
inventories destined fo r d ifferent assemblers9 
j  In  case you get material shipped from  other continents (not hubbed), who 
owns the in-transit inventory9 
k W hat are the service-time requirements to supply your p lant and what does 
this mean geographically9
49 What (bu ffe r) inventory do you require your suppliers in  Ire land /U K  (l e w ith  
regional m anufacturing fa c ility ) to hold9 What is the level o f  inventory you are 
liable to take9
N um ber o f  days inventory Liability
Regional enclosure suppliers
Regional m otherboard suppliers
Etc
O U T B O U N D  L O G I S T IC S
50 Please outline the organisation o f  outbound logistics m Europe (inc lud ing  location  
o f  various centres)
51 W hich parts o f  the total order are not merged at this site (prom pt m onitors , 
printers, country box etc P
52 Where does the merging o f  the total order take place9
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P R O D U C T  A N D  P R O C E S S  D E V E L O P M E N T
53 W hat does 'product development/design' mean fo r this company7 Prom pt in 
p a rtic u la r the R & D /  technical co-ord ination issues F o r example, i f  a system 
includes a new component o r pe riphe ra l, what w ou ld  be the development e ffo rt 
fro m  yo u r company's side? Other possible issues are innovative m arketing, brand  
development, d is tribu tion  and customer service
54 In the ‘home country ’ (U  S ), are production, marketing, and R & D  activities in  the 
same location7 I f  not, what is the location o f  product development
55 Does the development team include marketing and production staff7
56 Please expand on the level o f  integration o f  the development systems o f  your 
company and your mam suppliers
57 Mode (e g face-to-face), and intensity o f  com m unication between both 
development systems on product or process development issues
58 Does the company share personnel w ith  the m ajor supplier companies for 
component/product development reasons7
59 Discuss the extent to which the company differentiates its products fo r specific 
geographical markets (e g  specific products f o r  N o rth  Am erica , Europe and Asia, 
or g lo ba l products)
60 Does this require a 'product development team 'm  Europe7
61 Please discuss the R & D  related departments in  this fa c ility
62 Please discuss the involvem ent o f  this subsidiary in  product/process development 
(e g contact between local s ta ff and corporate design fa c ility )
63 W hich o f  the fo llo w in g  functions are carried out in  this fa c ility
System design 
Prototype production 
Evaluation o f prototype 
Parts design 
Parts prototype production 
Evaluation of parts 
Technical support for procurement o f  
parts for local production 
Process design 
Evaluation o f corporate process design
64 I f  regional m arketing/ product development group is not located on site, please 
discuss the mode (e g face-to-face), intensity and content o f  com m unication 
between these groups and this production fa c ility
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HR AND TRAINING
65 Please estimate the number of employees in each of the following employment 
categories9
N um ber of 
_____________  em ployees (FTE)
M anagerial/supervisory and professional s ta ff (including areas such 
as general, operations, purchasing, sales and logistics m anagem ent)
Research and Developm ent
Engineers (not R& D) (test, process, maintenance, facilities, etc)
Technicians (typically having technical qualifications)
Production operative -  skilled
Production operative -  non-skilled
M arketing/sales/custom er service staff
Call centre -  sales
Call centre -  technical support
C lerical/adm inistrative
66 Please estimate the percentage o f  the w orkforce that have 
U n iversity degrees %
Technical College ce rtifica te /d ip lom as %
67  Please estimate the expenditure on wages in  1998 (or last fiscal year) £_______
68 Please estimate the percentage o f  workers organised into teams9  %
69 Does the company recognise trade unions9
70  H ow  many form er employees started the ir own company9 _____
(Please give exam ples)
71 W hich upper-level management positions are fille d  by non-nationals
72  What percentage o f  the m iddle and upper-level management positions is f ille d  by 
non-B ritish  or non-Irish  Nationals9  %
73  Please name the three companies from  w h ich  you experience strongest 
com petition in  recru iting
a Operations Managers 
b Technical/Engineering s ta ff 
c General operative s ta ff
74  Please estimate the percentage o f  operations/general management and 
technical/engineering s ta ff that was previously employed by the sectors 
represented by the companies mentioned a b o v e  %
75  Please discuss the career-path o f  the M D  o r Site Manager in  this respect
76  Please estimate the tra in ing budget /  resources spent on tra in ing in  1998 (includ ing 
labour costs fo r people w h ile  on courses, cost o f  internal trainers, fees paid to
external trainers, travel, equipment and subsistence) £ and as a percentage
o f  total labour cost %
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77 Please, briefly outline your internally and externally managed training activities
- Organisation of training
- Please estimate the percentage of training hours that is internally managed
- Please estimate the percentage of training hours of internally managed training 
which takes place ’on the jo b ' %
78 Please discuss links (if any) with the local
- Universities/colleges
- Training institutes
Prom pt internship, p rov is ion  o f  on-site and on-site tra in ing/education, 
discussion o f  colloquium  at loca l colleges, p a rtic ipa tio n  o f  co lloquium , etc
79 Have any training programmes or other schemes been introduced to address your 
(or your sector’s) skill needs/labour shortage problems9 (e g government training 
agency, or extra university places)
80 In what way, if any, has the company contributed to these schemes9
81 Please estimate the number of training days in 1998 received by the following 
employment categories (aggregate for the groups) And, please evaluate (on a 
scale from 1 to 7) your company’s contribution to the skill levels in the local 
(Irish/Scottish) labour market9
N o o f  training days
M anagerial/supervisory and professional
R&D staff
Engineers
Technicians
Production operative -  skilled
Production operative -  non-skilled
Technical support call centre
M arketing/sales call centre
82 Please estimate the (aggregate) number of training days (1988) aimed at the 
following skills
N um ber 
o f  days
Induction (health and safety etc )
Hardware (m achinery, materials and technology)
Software skills (packages and program languages in support o f  technicians and 
m anufacturing (e g test applications, visual basic, visual C ++, Unix etc )
M anagem ent training (m anaging people, understanding culture, goal setting)
Softer skills (team  leading, project m anagem ent, attendance, productivity,}
O ther Softw are skills (com pany system, database packages, w ord processing etc)
M arketing /sales /  Languages
Other
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183 Please estimate average hours of training received in 1998 by a new production 
worker (induction)  hours
84 Please estimate the average duration (gross) of off-the job production related 
training courses (please S  as appropriate)
<1 day
1 day -1 week
1-4 weeks
4-8 weeks
> week
85 Please estimate the share of the total training days that leads to an externally 
recognised certificate/diploma/degree etc ___%
86 To what extent does training or experience lead to mobility between grades9 
(please tick on a scale from 1 to 7)
to no extent to a great extent
1 2  3 4 5 6 7
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B 3 Postal Questionnaire
Dear Sir or M adam , with this questionnaire we aim  to establish the relevance o f  a num ber o f  new  high 
volum e production concepts to  the com puter hardware industry
>  Some o f  the questions pertain to the corporation as a whole, while others pertain to the situation at
this subsidiary
>  M ost questions ask you to score on a continuum running from 1 to 7 You are requested to tick
(S) a box fo r  items in each question as appropriate
>  If  you have the feeling that a  question is not relevant, please leave this question blank
Customer relations
1 Does the com pany offer a small or a w ide variety o f  com puter system s9
a very limited variety an extensive variety
1 2 3 4 5 6 7
2 To what extent are the products custom ised to  individual custom ers9
not at all 100%
3 How im portant is it to respond quickly to custom er dem and for changes with new  or m odified 
products9
not at all important absolutely essential
4 What, approxim ately, is the m edian age o f product offering m the European m arket9
• How prom inent are the follow ing goals in your distribution strategy9
m onth
Receives no particular 
attention
1 2 3
Very important part 
o f  our strategy 
6 7
5 M inim ise the order to delivery cycle 
time
6 M inim ise the distribution cycle tim e 
(throughout the channel)
7 M axim ise delivery 
reliability/consistency
8 How w ould  you describe the level o f  integration between assem bler and the distribution channel9 
A rm 's length relationship, strongly integrated, or som ewhere in betw een9
arm's length relationship strongly integrated value chain
I I I
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How intensive does this com pany share the following inform ation w ith the downstream  channel 
partners (distributors, retailers, value added resellers, etc )9 ( if  not relevant tick h e re  )
No info 
Sharing 
1
Intensive 
info sharing 
6 7
9 Current dem and for end-products
10 Dem and forecasts
11 Future product developm ent projects
12 How intensive are your efforts to build a long-term relationship w ith your custom ers9
no efforts central to our strategy
I '  I i i i i i I
13 W hat percentage o f  output o f  this subsidiary (units) is built/assem bled to order9 A p p ro x  %
14 W hat percentage o f  output (units) is actual end-custom er ordered (assem bly o f  individual orders 
that are specified by the custom er at the end o f  the chain9) Approx ____%
15 Do you have agreem ents with customers /  channel partners, stipulating the procurem ent o f  a 
num ber o f  standardised systems per unit o f  tim e9
Yes ___
N o ___
If yes, roughly w hat percentage o f  output (units) does this represent9 Approx ____%
16 Are the sales people (at the end o f  the chain) tied directly to the factory scheduling function9
Y e s___
No
17 How w ould you describe the negotiations with the distribution channel9 Cut throat, strong 
partnership, or som ewhere in between9 
( if  not relevant tick h e re  )
cut throat strong partnership
Research and development
18 How im portant are product innovations (e g new  features, new  technologies, new  products) to the 
success o f  your business
not at all important crucial
19 How im portant is it to respond quickly to custom er dem and for changes with new or m odified 
products9
not important for the success o f  our business crucial for success o f  our business
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How im portant are the following goals in the com pany’s R& D strategy7
Receives no particular 
attention
I 2 3
Very important part 
o f  our strategy 
6 7
20 M inim ise new product developm ent / 
introduction tune
21 M aximise rate new product 
introduction
22 How im portant are incremental innovations (e g new features, m odified products) versus
breakthrough innovations (e g new products, new technologies) to the success o f  your com pany9
incremental breakthrough
23 In the product design process, what attention is paid to the m anufacturability o f  design 
limited attention central to design process
24 In your com pany, to what extent are product and process developm ent activities integrated9 Is it 
carried out sequentially and in separate team s, sim ultaneously in one team , or is it som ewhere m 
between
sequentially and in separate teams simultaneous and in one team
25 To what extent does the com pany use flexible technologies (e g CA D ) in the developm ent 
process9
not used used to a great extent
The assembly factory
26 Where does your assem bly process lie on a scale between fully standardised m ass production and 
one-of-a kind production (where each final product is different from the next)9
fully standardised mass production
I I r~
one-of-a kind production
27 W ith respect to system  assem bly, please estim ate the average batch size9 units
How prom inent are the following goals in your production strategy9
28 No or sm all buffer inventories
29 Increase inventory turnover
30 M inim ise the lot size
31 M inim ise set-up tim es
32 Bring dow n production cycle time 
(per m ajor phase o f  m am  sequence)
33 M axim ise value added as percentage 
o f  total elapsed tim e
Receives no particular 
attention
1 2 3
Very important part 
o f  our strategy 
6 7
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To what extent are the following management philosophies adopted in your production strategy9
To no 
extent
To a great 
extent
34 Total process efficiency
35 Elim ination o f  waste
36 TQM
37 Continuous process improvement
38 Flexible production (the ability to 
change quickly between products)
39 Integration o f  thinking and doing 
{worker involvement m defining and 
improving the process)
40 To w hat extent is flexible m achinery used in the assem bly process9
not used used to a great extent
41 To what extent do you em ploy com puter-aided production m anagem ent techniques in system 
assem bly9
not at all used to a great extent
The supplier relations
42 How would you describe the level o f  integration o f  the com pany with its suppliers9 Arm 's length, 
strongly integrated or som ewhere in betw een9
arm s length relationship strongly integrated
43 In those cases w here the com pany integrates suppliers' new  com ponent technology to w hat extent 
are the developm ent systems o f  both com panies integrated9
strongly integrated systems
not at all ( e g  cross-organisational teams)l I ' l  1 l i l I
How prom inent are the following goals in your sourcing strategy9
44 M inim ise inventories o f  parts / 
Increase frequency o f  deliveries
45 Reduce inventories at suppliers
46 M inim ise chain cycle time
47 Continuos im provem ent o f  supplier 
perform ance (quality, cost and 
service)
Receives no particular 
attention
1 2 3
Very important part 
o f our strategy 
6 7
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48 With respect to your supplier relations, what is the relevance o f  the follow ing statem ent "There is 
a jo in t approach to total quality" (e g interaction and m utual agreem ents on quality targets)
o f  no relevance very relevant
49 W ith respect to your supplier relations, w hat is the relevance o f  the follow ing statem ent "There is 
transparency and open discussion o f  costs and a rational fram ew ork for determ ining costs, price 
and profits” (versus tendering)9
o f no relevance very relevant
How intensive does the com pany share the following inform ation with its m ain suppliers9
No info 
Sharing 
1
Intensive 
info sharing 
6 7
50 Inventory data
51 Current dem and for end-products
52 D em and forecasts
53 Future product developm ent projects
54 To w hat extent does your com pany m ake efforts to sm ooth production for its suppliers (lim it the 
percentage change m the size o f  successive orders)9
no effort intensive effort
55 W hat is the com pany's policy with respect to supplier developm ent/assistance Do you have a 
structural program m e for assisting your suppliers or do you provide no assistance at all9 O r is it 
som ew here in between (supplier developm ent is defined as policies, procedures and practices for 
assessing and im proving supplier capability and perform ance in m ultiple areas such as quality, 
design support, and delivery)
no assistance structural assistance programme
56 To w hat extent do you consider yourself the organiser o f  a production chain9 To no extent, to 
som e extent (only involving a num ber o f  products) or to great extent9
to no extent to a great extent
57 To what extent does the com pany differentiate its products for specific geographical markets (e g 
North A m erica - Europe - A sia)9
to no extent (global products) to a great extent
58 I f  products are (geographical) m arket specific, to w hat extent is this facility involved in the 
developm ent o f  these m arket specific products9
no involvement
systems sold by this subsidiary 
are developed locally
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59 W ould you consider the organisational structure o f  your com pany strongly hierarchical, strongly 
networked (flat organisational structure) or som ew here in betw een9
strongly hierarchical strongly networked (fiat)
I I
How prom inent are the follow ing goals m your overall business strategy9
Not
important
Central to 
our strategy
60 R em oving tim e throughout the value 
chain
61 Reduce decision m aking tim e
The nature o f  competition
62 Is com petition in your industry based totally on product differentiation, totally on price 
com petition, or is it som ew here in betw een9
price competition both product differentiation
63 Are product life cycles o f  products in your business unit's industry very long and predictable, very 
short and unpredictable, or som ewhere in betw een9
long and predictable short and unpredictable
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B 4 Q uestionnaire  for T elephone  Interview
m
340
Com p an y Nam e
Componentf :. -r ;
Pf I M #
: Name and location* i ■
; (hubbed, or>your ownvf4;m  
¿ (n v e n io ç e î^ ilf î& ty / i ïâ îÈ
Typical mode o f tzcmsport^üromz '
\locatwn o f mamif to hub or your,rt  w rm  mmi &m&*i n  % ^wnfacihties)l(sm^ar^ahe)& p v f
T arget num ber o f  . .• 
shipmentstpetpmonth; (into: 1
~ M > W ^ o jm fa c ih tie s ) /M ^
.Target.inventory levels (in 
^hub/.your^house or suppliers \
■ local man-plant) (days/;faa. &
M aterial input A Supplier A
Supplier B
Etc
M aterial input B Supplier A
Supplier B
Etc
Etc Supplier A
Supplier B
Etc
Company name name interviewee date
A P P E N D IX  C  E X A M P L E  O F  T A B L E  W IT H  S U P P L Y  C H A IN  D A T A  U S E D  IN  
A N A L Y S I S  ( E X A M P L E  G A T E W A Y )
mm(Name àndnationality o f supplier?^Ï SFISxu £*j£ *%8r ; Ä  ^ Mr <*■ t. v1>~-%Eo<&ti6n>6f H ^o^isttc&Varrmgemeht I f f ,location ofimanttf)? 1|£fÄ m# f 5 “jlm o n th f « ¿ 7^  v ^M g e t^n v e S td rx  ‘‘levels (days)». ,
Enclosures A xion (Far East) Taiwan/M exico 3 p lh u b Ship 4 10
Likon  (Far East M alaysia 3 p lh u b Ship 4 10
Server enclosures N o data (U SA ) (low volum e) USA 3 p lh u b Plane 1 10
Partly integrated 
portables
Q uanta (Taiw an) Taiwan N ot hubbed, supplied 
d irect to G atew ay w 'house
Plane 4 10
Sanyo (Japan) Japan N ot hubbed, supplied 
direct to  G atew ay w 'house
Plane 4 10
Docking stations 
for portables
Supplied by the suppliers o f  
partly  integrated portables
Taiwan and Japan N ot hubbed, supplied 
d irect to G atew ay w 'house
Plane 4 10
Server racks N o  data (USA ) USA 3 p lh u b Ship 4 10
M otherboards Intel (U SA ) M alaysia N ot hubbed, supplied 
direct to  G atew ay w 'house
Plane 4 10
Elite (H ong Kong) M exico N ot hubbed, supplied 
d irect to G atew ay w ’house
Plane 4 10
Jabtl (USA ) M exico 3pl hub Plane 4 10
M icroprocessors Intel (U SA ) Penang etc N ot hubbed, supplied 
d irect to  G atew ay w 'house
Plane 4 5
M em ory M icron (USA ) 
Sam sung (Korea) 
H yundai (Korea) 
LG (K orea)
T oshiba (Japan) 
Siem ens (G erm any)
Korea
Japan
K orea
K orea
Japan
G erm any
3 p lh u b Siem ens truck 
O thers plane
4 10
Power supplies Pow ertech (Taiwan) M alaysia/C hina 3 p lh u b Ship 4 10
A stec (USA ) China/M exico 3 p lh u b Ship 4 10
AC adapters foT 
portable
D elta (U SA ) and N ew ton (USA), 
bu t com es integrated with 
portable
F ar East C om es with portable
Batteries for 
portable
Sanyo (Japan), but com es 
integrated with portable
Japan C om es with portable
Cooling fans N o data Far East 3pl Ship 2 10
Som e com e with pow er supply Far East Com es with pow er supply
fG à tm iè y fS k 1*si?ap?rt8®Wdme\and!Hdtidnah0bMupph^&W 1#  k :  ^' r i  $:• $£6gtsJicWfar/ang^¥ffp"3M Target num ber, f o f  shipm ents p er * T arget învëntdry
H eat sinks R edpom t Therm alloy (UK ) (some 
com e w ith  the processor)
Far East N o t hubbed, supplied 
direct to Gateway w ’house, 
3 pi in 2001
Ship 2 10
H ard disc drives Q uan tum  (USA) configured 
drives from  M KIR (Japan)
Quantum  D undalk 
M K IR  D undalk and 
Far East
H ubbed at Quantum Far East plane 
Ireland truck
4 from Far East, 
20 from  Ireland
5 at finished 
level and 5 at 
generic level
IB M  (U SA ) H ungary 3 p lh u b Truck 4 10
W estern  D igital (USA) Far East 3 p lh u b Plane 4 10
T oshiba (Japan) Japan 3pl hub Plane 4 10
H ard disc drives 
for portable
IB M  (U SA ) H ungary and Russia 3 p lh u b Truck 4 10
Floppy disc 
drives
Panasonic (Japan) China 3pl hub Plane 4 10
CD -RO M  drives M itsum i (Japan) and Toshiba 
(Japan)
Japan 3pi hub Plane 4 10
P lex tor (sm all am ounts) Taiwan Plextor hub in The 
N etherlands
Plane 4 10
LS-120 drives M itsubishi (Japan) Japan 3 p lh u b Plane 4 10
TR5 Tape units Seagate (USA ) Far East 3 p lh u b Plane 4 10
Zip drives Iom ega (USA ) Far East N ot hubbed, supplied from 
w 'house in the N etherlands
Plane 4 10
CD RW  drives P hilips (The Netherlands) Far east Philips hub in The 
N etherlands
Plane 4 10
DVD drives T osh iba (Japan) Japan 3 pi hub Plane 4 10
C om bo drives T osh iba (Japan) (comes 
in tegrated  with portable)
Far east C om es with portable
N etw ork cards 3-com  (U SA ) D ublin (m ajority) and 
overseas (m inority)
V endor hubbed at W alsh 
W estern
Plane i f  from  
overseas
O verseas 2 10
O licom  (Scandinavia) Far East 3 p lh u b Plane 2 10
N etw ork PC 
cards for portable
X ircom  (USA ) Belgium 3 p lh u b Plane 2
TD K  (Japan) Japan N ot hubbed, TDK w 'house 
UK
Plane 2 10
3-com  (U SA ) Dublin and USA H ub at W alsh W estern Plane 2 10
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m  I 'uocatiom ,
Targetnumber,;
fofism pm entsipem
HT arget in v e n to ry ' 
.ievels'(day's)
Sound/ v ideo/ 
graphics cards
A TI (C anada) (G raphics) 
STB (U SA ) (G raphics) 
C reative Labs (Singapore) 
(Sound)
M alaysia/Indonesia
M exico
Singapore
Hubbed Flown 4 10
D isplay M onitors LG  (K orea) W ales 3pl hub Truck 20 10
M itsubishi (Japan) Japan 3 pi hub Ship 4 10
H itachi (Japan) (high-end, low 
volum e)
Japan 3pi hub Ship 4 10
Sony (Japan) (high end, low 
volum e Stopped in r99)
W ales 3 p lh u b Ship 4 10
D isplay for 
portable
T oshiba (Japan)
M itsubishi (Japan)
ADI (Taiw an)
LG (K orea)
(com e all integr with portable)
Japan
Japan
Taiw an
K orea
C om e integrated with 
portable
Screw s and 
fastenings etc
N o data N o data S tocked by turnkey 
supply-chain- m anager 
QEF Cork
N o data 20 from  Q EF to 
G atew ay plant
1 day on-site but 
large stocks at 
Q EF
C ountry kits O n-site (M odus M edia from 
2001)
CD -RO M s M odus M edia (USA) for 
w rapping  and distribution and 
lim ited C D -R m anufacturing 
A ctual C D -R O M  sourced from 
others, incl Sonopress D ublin
Shrink w rapping in 
K ildare
C D  m anufacturing e g 
in D ublin
M odus functions as 
turnkey supply-chain- 
m anager and stocks CD- 
RO M s
Truck 20 from  M odus 
to  G atew ay 
plant
15 days 
(w rapped)
T hom pson Litho (USA) Scotland Thom pson hub D ublin Truck N o data N o data
D ureco (France) France N o data Truck N o data N o  data
M icrosoft softw are from  Zomax 
(U SA )
D ublin H ubbed at Zom ax Truck 20 from  Zom ax 
to G atew ay 
plant
N o data
Printed m edia M odus M edia (USA) Printed in K ildare and 
w rapped w ith CD- 
RO M
H ubbed at M odus Truck 20 from  M odus 
to  G atew ay 
plant
15 days 
(w rapped)
^ a |e ^ y |^ ^ p W auM alit^of^uppl^^Ê
É É I &
v m anufactur i
m m m m M ilocqtionjofimanufM
fT argetfn u m b e r |S
Jo fsh ip m e n ts lp e rlif'*r % *? ^ ^  ^ if
w o n m m k t ^ i i
/F argetiihven to ry
S S M P ? t :
High volum e 
keyboard  m odels
Lite-on (Taiw an) Far East H ubbed at L ite-on/ M axi 
Switch L im erick
Ship 6 into M axi 
Switch
10
Low volum e 
keyboard  m odels
L ite-on / M axi Sw itch (Taiw an) Printing in L im erick A lm ost true JIT Truck 20 8 at generic 
level and 2 at 
finished level
Small am ounts from  M icrosoft 
(U SA )
Printing in The 
N etherlands
A lm ost true JIT Truck N o data No data
M ice M icrosoft (U SA ) Far East Via turnkey supply-chain- 
m anager BG T urnkey in 
The N etherlands
Truck 6 from BG 
Turnkey to 
G atew ay
N o data
M ouse m ats T echm atic (Ireland) D rogheda V ia turnkey supply chain 
m anager M odus M edia in 
K ildare
Truck 4 N o data
Joy sticks A rcadia (no data) 
Logitech (Sw itzerland)
Far East 
Far East
3 p lh u b Ship 4 10
Speakers A ltec Lansm g (USA ) 
Boston A coustics (USA )
H ong Kong 
China
3pl hub Ship 4 N o data
Printers (little) Epson (Japan) M ajority M alaysia, 
som e Telford, England
3 p lh u b Ship (M alaysia) 
Truck (Telford)
4 from M alaysia 10
Scanners (little) HP (U SA ) N o data 3 p lh u b N o data 4 10
Digital C am eras 
(little)
Sony (Japan) Far East 3pi hub No data N o data N o data
Pow er cords LD  Intercon (G erm any) Ireland H ubbed at LD Later kitted 
by M odus M edia
Truck 8 10
Internal current 
and signal cables
K eytech (Ireland) L im erick 3 p lh u b Truck 8 10 was
requirem ent but 
they  probably 
held m ore
P ackaging Sm urfit (Ireland 
ILP (Ireland)
D ublin/B elfast
D ublin
A lm ost true JIT , direct to 
G atew ay plant
T ruck 20 1 day on-site at 
G atew ay, small 
at suppliers
Printed labels Cuspal (Ireland) Ireland H ubbed at Cuspal Truck N o data N o data
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Table D 1 Products supplied by focal companies' suppliers in Ireland, Scotlanc
Dell Gateway IBM AST Apncot Digital Sun Compaq Apple Intel Packard Bell
Supplier plants in 
Ireland
3-Com-US Robotics, 
Ireland
modem PC 
cards and LAN 
adapters (small 
bits)
network cards network cards
Alps Electric, Millstreet 
Ireland
keyboard
localisation
keyboard
localisation
keyboard
localisation
APW (C-Fab) Dublin, 
Ireland
enclosures sent 
to CTS for sub- 
assembly
chassis for 
mass storage 
works (small 
amounts)
APW  (Horman 
Electronics) Cork 
Ireland
assembly and 
test of complete 
systems
AVX Coleraine Northern 
Ireland
capacitors and 
resistors
Ballymount (Trend) 
Lucan Ireland
metal for 
enclosures
sheetmetal
brackets
metal
enclosures and 
sub assemmbly 
of speakers
BG Turnkey services 
Cork Ireland
TSCM and 
wrapping of 
media
keyboard local 
(NMB) TSCM  
for media 
country kits
BG Turnkey services, 
Dublin Ireland
TSCM for mice 
(small)
TSCM and 
kitter of 
accessory kit
BG Turnkey services, 
Limenck Ireland
TSCM and 
wrapping of 
media
TSCM and 
kitter of 
accessory kit
Burex Dundalk, Ireland printed
mousemat
Cabletron Limerick 
Ireland
network cards 
and hardware
England and Wales
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Chip, Hollyhill, Ireland rework
Colorman Dublin 
Ireland
printing sent 
to BG Turnkey
CTM Southborough 
Kells, Ireland
metal
enclosures
metal
enclosures
end s for 
some servers 
and storage
metal parts 
for sub- 
assembly
Cuspal, Dublin Ireland labels
Datapackaging (Trend), 
Mullingar Ireland
plastic for 
enclosures
enclosures
Digital, Galway Ireland media
EPC Dingle Ireland cables
Fitzpack Limenck 
Ireland
packaging packaging
Fullarton Limenck 
Ireland
enclosures (for 
a short period in 
1999)
Hitemn, Cork, Ireland foam
Intel Kildare Ireland some of the 
processors
some of the 
processors
some of the 
processors
some of the 
processors 
(and m boards 
early 1998)
some of the 
processors
some of the 
processors and 
network cards
some of the 
processors and 
network cards
some of the 
processors
Ire-tex Group (ILP), 
Leixlip Ireland
boxes boxes boxes
Ire tex, Limenck Ireland boxes
Insh Moulded 
Products Mac room, 
Ireland
srews etc
Keytech, Limerick 
Ireland
cables cables power cables 
sent to BG 
Turnkey
power cables 
sent to BG 
Turnkey
Keytromcs Dundalk 
Ireland
keyboard
localisation
LD Intercon Offaly 
Ireland
cables
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Lite-on (Maxi Switch) 
Raheen Limenck
keyboard
localisation
keyboard
localisation
LMS-Beach (since 2000  
Flextronics Enclosures) 
Tullamore Ireland
enclosures server
enclosures and 
sub-assembly
MacB Cork Ireland TSCM for 
screws etc
TSCM for 
screws etc
Madge Networks (later 
Celestica), Dublin, Ireland
network cards
(small
quantities)
McDonald Printing, 
Ireland
Printing sent to 
BG Turnkey
Methode Limenck 
Ireland
cable
assemblies and 
terminators
cables sent to 
BG Turnkey
Modus Media Dublin 
Ireland (printing facility)
pnnted media 
sent to Modus 
Limerick
printed media 
sent to Modus 
Kildare
printed media 
sent to Modus 
Scotland
printed media 
sent to Modus 
Scotland
Modus Media Kildare, 
Ireland
TSCM for 
media printing 
in Dublin, 
country kits
TSCM for CD 
ROMs sent to 
BG Turnkey
Modus Media Limenck, 
Ireland
TSCM for 
media printing 
in Dublin 
country kits
Molex Shannon and 
Millstreet Ireland
connectors internal cables surface mount
interconnect
material
cables surface mount 
interconnect 
and cables
MSL Athlone, Ireland motherboards board
assembly for 
Apricot OEM  
bussiness
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Munekata Dublin plastic for 
enclosures
plastic for 
enclosures
Printech Clondalkin 
Ireland
high volume 
printed matter 
sent to Modus 
Media
printing sent to 
TSCMs
printed matter 
sent to BG 
Turnkey
QEF Cork, Ireland TSCM  for 
screws etc
TSCM for 
screws etc
TSCM for 
screws etc
TSCM for 
screws etc
Quantum Dundalk, 
Ireland
hard disk dnve 
configuration
hard disk drive 
configuration
hard disk drive 
configuration 
and assembly 
of casing
hard disk drive 
configuration
hard disk dnve 
configuration
pre-assembly of 
hard disk drives 
and tapes
hard disk drive 
configuration
hard disk drive 
configuration
hard disk drive 
configuration
hard disk dnve 
configuration
hard disk drive 
configuration
Rennicks, Dublin, Ireland small amount of 
plastic parts
SCI Fermoy, Ireland motherboards
Smurfit (Connaucht 
Packaging Galway 
Ireland
boxes
Smurfit Cork, Ireland boxes
Smurfit, Dublin Ireland boxes
Sonopress, Dublin 
Ireland
CD-ROM  
pressing, sent 
to Modus Media
CD-ROM  
pressing, sent 
to TSCMs
Techmatic Drogheda 
Ireland
mouse mat 
sent to Modus 
Media
Tech-source Cork 
Ireland
minor sub- 
assembly 
service to 
imported 
enclosures
Top Tech Dublin Ireland enclosures and 
metal parts
Volex, Castlebar 
Ireland
signal cables 
and terminators
cables sent to 
BG Turnkey
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Walsh Western Cork, 
Ireland
kitting of 
country kits
Wortdmark Group 
(Industrial Print), Bray 
Ireland
metal labels 
and badges
printed labels 
for back of 
system
Zomax, Dublin Ireland CD-ROM  
replication, sent 
to Modus Media
Supplier plants in 
Scotland
AMP, Port Glasgow 
Scotland
connectors connectors
Amphenol Port Glasgow 
Scotland
cables large part of 
cabels and 
some
connectors
APW  (High Speed 
Production) Beith, 
Scotland
metal
enclosures and
sub-assembly
service
metal cabinets 
sent to CTS for 
sub-assembly
Arkol, Glasgow 
Scotland
foam foam
A VEX, East Kilbride 
Scotland
boards for
Jow-end
products
Bermo Glenrothes 
Scotland
enclosures and 
subassembly
BG Turnkey services 
Livingston, Scotland
TSCM for 
screws, etc 
kitting of ship 
kits
rework (small 
amounts)
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Btrkbys, Glenrothes, 
Scotland
plastic sent to 
Quantum and 
Seagate for sub 
assembly
enclosures and 
subassembly
plastic
components for 
drivebays
Brands Electronics 
Greenock Scotland
hard disk drive 
subassembly
country kits 
enclosure and 
rack pre­
assembly, pre- 
assembly of 
h d  drives
Chicony, Greenock, 
Scotland
keyboard
localisation
Clairemont Electronics, 
Greenock Scotland
contract labour 
services and 
cables suppy
subassembly 
service and 
cables
CTS Corporation 
Glasgow, Scotland
backpanel 
manufacturing 
and sub-ass of 
storage units
Dewar Brothers, 
Linlithgow, Scotland
boxes sent 
to BG Turnkey
Elcomatic, Lin wood, 
Scotland
contract 
labour services
Fife Fabrications, 
Glenrothes Scotland
metal parts 
enclosures
Foamplus, Linwood 
Scotland
packaging management of 
packaging from 
Smurfit
Foxteq (Hon Hai) 
Rentrew Scotland
enclosures and 
sub-assembly
3 5 2
Dell Gateway IBM AST Apncot Digital Sun Compaq Apple Intel Packard Bell
Fullarton Computer 
Industries Kilwinning 
Gourouck Prestwick
complete 
systems 
enclosures and 
sub-assembly 
cables
enclosures for 
servers and 
storage works 
and sub- 
assembly
high volume 
encosures and 
sub-
assemmbly,
cables
enclosure and 
sub-assembly
all volume 
enclosures 
(from 1999)
Gardener Gibson 
Scotland
TSCM and 
wrapping of 
media
Geltron Irvine, 
Scotland
TSCM for 
screws and 
fasteners
Hamilton Packaging 
Clydebank, Scotland
plastic bags
Inventech Renfreshire 
Scotland
complete low- 
end systems
Jabil Circuit Livingston 
Scotland
notebook 
boards from 
1999
server boards 
from 1999
KWR Glasgow 
Scotland
packaging
Livingston Precision, 
Livingston Scotland
enclosures (in 
the past)
enclosures and 
sub-assembly 
assmebly of 
imported racks
MacFarlane (A&W  
Fullarton) Govan, 
Glasgow
boxes (some 
final assembly 
in glenrothes)
boxes boxes
MacFarlene Kilmarnock 
Scotland
packaging
McKechnte, Beith 
Scotland
plastic bezels 
sent to 
enclosure 
manufacturer
plastic
components for 
drivebay etc
35 3
Dell Gateway IBM AST Apricot Digital Sun Compaq Apple Intel Packard Bell
Modus Media 
Cumbernauld Scotland
TSCM for 
media low- 
volume printing, 
country kits
TSCM for 
media low- 
voiume printing 
country kits
Motorola Glasgow, 
Scotland
semi
conductors
memory
NABS, Greenock, 
Scotland
TSCM for 
screws etc
NEC memory
NMB Inchinnan 
Scotland
keyboard
localisation
keyboard
localisation
keyboard
localisation
keyboard
localisation
keyboard
localisation
Phoenix Cables Irvine 
Scotland
cables small amount of 
cables
Printech East Kjlbride 
Scotland (pnntmg in 
Ireland)
low volume 
printed matter 
sent to Modus 
Media
Rexem Corrugated (John 
Horn) Glasgow Scotland
boxes and 
some
specialised 
pnnted matter
SCA Edinburgh, 
Scotland
packaging
Scotfoam Glasgow 
Scotland
packaging
Seagate, Scotland pre-assembly of 
plastic
components to 
hard disk dnves
Simclar Dunfirmline, 
Scotland
flexible cirquit 
(from 1999 sub- 
assmebly of 
htgh-end 
servers)
cables (from 
1999)
Smurfit Corrugated UK 
Tamockside and Irvine 
Scotland
boxes boxes boxes sent to 
Foamplus
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Solectron Dunfermline 
Scotland
server boards desktops and 
server boards 
pre-assembly of 
storage units
some of the 
motherboards 
(but most from 
Romania)
Sonnel, Hillmgton, 
Glasgow Scotland
rework of 
memory chips
Sykes Scotland (SDL  
International), Galashiels, 
Scotland
TSCM for CD- 
ROMs, printed 
media
Techdyne Scotland Ltd 
Livingston, Scotland
very small 
amount of 
signal cables
Thompson Litho East 
Kilbride Scotland
TSCM for CD- 
ROMs printed 
matter
TSCM for CD- 
ROMs printed 
media
TSCM for CD- 
ROMs, printed 
matter (part 
sent to Brands)
TSCM for CD 
ROMs printed 
matter
TR Fastenings East 
Kitbnde Scotland
TSCM for 
screws ect
Turnkey, Clydebank 
Scotland
sub-assembly
services
US Pnnt Livingston 
Scotland
wrapping of 
media printing 
sent to BG 
Turnkey
Volex Cumbernauld 
Scotland
cables signal cables 
and terminators
Worldmark Group 
(Donprint), East Kilbnde, 
Scotland
labels
Supplier plants in 
England and 
Wales
Aavid High Wycombe 
England
heat sinks heat sinks
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Celestica Manchester 
and Kitsgrove England
motherboards motherboards compl system 
assmebly 
server boards 
assembly of 
microproc 
module
Epson Telford, 
England
final assembly 
of some 
printers
Hewlett Packard Bristol 
England
tapes
Hossiden Besson 
England
microphones 
sent to BG 
Turnkey
LG Electronics, Newport, 
Wales
monitors
Mclean Midwest (APW ), 
Manchester, England
cooling fans 
sent to CTS
Mrtac Telford England complete low- 
end systems
Nimbus Cwmbran 
Wales
CD-ROM  
replication sent 
to Modus Media
PSION Connect Milton 
Keynes England
modem for 
portable
Redpoint Thermalloy 
Swindon England
heatsinks heatsinks
Retai, Porsmouth 
England
server racks server racks
Samsung Wynyard 
Billingham England
monitors monitors
Sony, Pen wed 
(Bridgend) Wales
high end low
volume
monitors
monitors monitors monitors
Tatung Telford 
England
monitors monitors
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Unipower Lancing 
Sussex England
power supplies 
(small)
Viasystems, Sunderland 
England
etched boards 
for
PCBA line
Volex Leigh England power cords power cords power cords
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APPENDIX E INBOUND PIPELINE STRATEGIES AND STRUCTURES OF 
INDIVIDUAL FOCAL COMPANIES
This Appendix describes the specific pipeline strategies and structures of the individual 
focal companies At the time the first interviews were conducted, most focal companies 
had just changed their strategies and were in the middle of restructuring their inbound 
pipelines leading to a rather chaotic structure However, later rounds of interviews, 
carried out in the second half of 1999 and the first quarter of 2001 provided an 
opportunity to follow the restructuring process The data below pertain to the situation at 
the time of the first round of interviews -  between end 1998 end start 1999 -  unless 
different periods are specifically indicated
Dell
Dell's inbound logistics strategy was "to continuously reduce the dependency on the 
[Dell] warehouse" by requesting local suppliers to supply direct on a very frequent basis 
and making non-local suppliers hub, wherever it made sense (Interview O'Donnell, Dell, 
1999) For Dell, 'local' meant in very close proximity Thus, Dell advertised very short 
supply-lead times "To sustain the direct model all suppliers must be within an hour of 
the plant” (Moran, 1998) "Our model is that our suppliers have to be within 20 to 30 
minutes from the production lines " (The Sunday Business Post, 7/2/99) In practice, Dell 
was slightly more flexible and some enclosure suppliers, located at approximately two 
hours' drive from Dell, supplied direct as well1
At the time the first interviews were conducted, in November 1998, most of Dell's 
material inputs were either manufactured locally, hubbed locally, or supplied by local 
turnkey supply-chain-managers, such as QEF (for hardware), Keytech (for cables and 
interconnect), BG Turnkey and Modus Media (both for media)2 Even the local 
manufacturers were requested to hold specified minimum levels of finished goods at their 
own premises The only items manufactured or printed on a nearly true JIT basis were 
low-volume keyboard models and most of the packaging material
Most material was hubbed Even the enclosures manufactured in Tullamore and the 
motherboards manufactured in Scotland and England were hubbed locally The only
1 LM S-Beach in Tullam ore, at two hours’ drive from Dell, hubbed finished enclosures near Dell in 
Lim erick -  initially at their second facility in Annercotty and from 1999, after the closure o f  the Annercotty 
facility, at the 3pl hub However, the main reason for not supplying direct lay in a lack o f  w arehouse space 
at the Tullam ore plant, rather than in a specific Dell requirem ent H aving said that, at least until the opening 
o f  the new Dell EMF3 facility (see below), Dell preferred to  have a certain am ount o f  inventories hubbed 
nearby, even when production took place at only 2 hours' drive from Dell (Interview  Roche, LM S-Beach, 
April 2001)
2 A lthough som e o f  these com panies m anufactured part o f  the supplies in-house, they also acted as turnkey 
supply-chain-m anagers, buying and storing com ponents from  various vendors For Dell, the local facilities 
o f  the tw o m edia suppliers w ere m erely shrink-wrapping CD-RO M s and docum entation Dell kitted its own 
country boxes
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imported items that were not hubbed, were some motherboard and network card models 
(the ones supplied by Intel), microprocessors (Intel), some of the server enclosures, 
server racks, integrated notebook bases, and Zip drives3 At the time of the second 
interview, in 1999, server racks and server enclosures were hubbed as well Furthermore, 
by this time Dell had started to assemble notebooks from scratch -  hubbing the required 
components and phasing-out the direct supply of integrated notebook bases The reason 
for not hubbing Zip drives had to do with the fact that it involved a non-established 
supplier (Iomega)
In November 1998, there was a clear strategy to consolidate the hubbed inventories "We 
try to consolidate as much as possible in our two mam hubs" (Interview Walsh, Dell, 
November 1998) These two mam hubs were IEC and Walsh Western in Limerick Given 
the size and volumes involved, Dell deliberately chose not to concentrate all material at 
one single 3pl provider and dual-sourced the service The only companies supplying from 
other hubs were Lite-on (high-volume keyboard models, i e English language boards), 
Logitech (mice) and LMS-Beach The latter two hubs were remnants of earlier supply 
chain structures and proved short-lived4
Nearly all hubs and supply-chain-managers were located m very close proximity to Dell's 
main European Manufacturing Facility 1 (EMF1) Thus, Lite-on, LMS-Beach, BG 
Turnkey, Modus Media and Keytech, were all located on the same industrial estate The 
3pl hubs were located in close proximity as well (see Figure 5 3), although both 3pl 
providers operated additional hubs in various European locations for 'remote merge' 
Thus, monitors and speakers were hubbed in IEC warehouses located in England and 
Sweden and in a Walsh Western warehouse located in Holland5 At these locations the 
peripherals were merged with the system for further distribution
3 Furtherm ore, once-o ff items, bought to fulfil a special custom er request, were not hubbed either Finally, 
som e c-class items, e g printed m etal labels m anufactured in Dublin, were stocked as Dell inventory as 
well
4 Logitech had operated a m ouse m anufacturing plant in C ork and used the existing facility as a vendor hub 
to service its custom ers in Ireland and the UK However, since 1999 Logitech hubs m ice at 3pl providers 
(Interview  inform ation officer, Logitech Cork, February 2001)
Up to the end o f  1998, LM S-Beach had a facility in Limerick near Dell to assem ble flat-pack server 
enclosures, m anufactured by one o f  the LMS plants in the USA W hen it was aw arded the Dell contract to 
supply high volum e desk-top enclosures, LM S set up a m anufacturing facility in Tullam ore, two hours' 
drive from Dell The Tullam ore facility lacked the required w arehouse space and LMS started to hub 
enclosures at its existing facility in Lim erick, rather than at one o f  the m ain 3pi hubs However, this facility 
w as closed early 1999, from which m om ent LMS hubbed all its enclosures at the IEC hub (Interview  
Roche, LM S-Beach, A pril 2001)
5 Furtherm ore, m onitors for the South African m arket were hubbed at Expeditors in Johannesburg
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Figure E 1 Dell's inbound logistics pipeline structure
Off-site
hub
Local and non- 
hubbing 
suppliers
DELL EMF3,1998
Production
lines
on-site
w 'hous
Source D eveloped by the author on the basis o f  interviews with O 'Donnell and Allen, Dell, October 1999
The local Walsh Western 3 pi hub was located two miles from Dell I EC operated a 3 pi 
hub on the other side of Limerick but had just opened a new 3pi hubbing facility next 
door to Dell’s main plant Furthermore, to further reduce the inventories on Dell's books, 
IEC operated a hub on Dell's premises as well Although the external hubs were located 
nearby, the manufacturing operation still required (small) inbound buffers at EMF1 
However, at EMF1 these buffers were held as vendor owned material at a physical area 
dedicated to the IEC hub 6 In effect, Dell pulled from the on-site hub directly to the line 
Dell still needed its own on-site warehouse for non-hubbed items Because of its 
complexity, and to facilitate an understanding of the pipeline structures at the other focal 
companies, Dell's inbound logistics pipeline has been graphically presented in Figure E 1
6 A lthough vendors had different arrangem ents with Dell Some parts were pulled from the external hub 
and buffered as D ell-ow ned inventory
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Although Dell’s hubbing strategy was already well established in 1998, the structure of 
the inbound pipeline and the location of the hubs were still evolving as part of the aim to 
continuously reduce the dependency on Dell's own warehouse (read Dell-owned 
inventory) In the second half of 1999 Dell opened a new manufacturing facility EMF3 
The lay-out of EMF3, with 40 in-bound and 40 out-bound bays, virtually eliminated the 
need for an on-site warehouse Materials from the external hubs and local suppliers 
arrived in containers at the unloading bays These containers basically functioned as 
hubs, while the yard provided space for extra trucks and, thus, extra hubbing capacity 
Dell only owned the inventories from the moment it pulled material from the containers -  
directly to the production lines 7 At the end of the assembly process material was loaded 
directly into the containers for distribution A relatively small on-site warehouse was 
used to store items like microprocessors and other parts that required secure warehousing
Gateway
Gateway’s inbound logistics strategy was to minimise the inventories by requesting local 
suppliers or supply-chain-management companies to deliver on a frequent basis and hub 
all imported inventories At the time the first interviews were conducted, in 1998, the 
strategy was nearly fully implemented Thus nearly all imported components were 
hubbed The exceptions were Intel processors and motherboards, integrated portable base 
units, heat sinks and a number of low volume OEM items, such as Zip drives and some 
PC-cards Even the internal cables, manufactured by Keytech in Ireland, were hubbed8
Packaging was printed on a true JIT basis in Dublin and supplied three times a day, 
directly to the production floor Similarly, low-volume keyboard models (i e non-English 
language) were printed on a true JIT basis in Limerick and delivered on a daily basis 
Screws and fastenings etc were delivered on a kan-ban basis by QEF in Cork, a turnkey 
supply-chain-manager who bought and held stocks for Gateway In 1998, Gateway still 
assembled its own accessory kits on-site The supply chain for most of the media was 
managed by Modus Media, who shrink-wrapped the CD-ROMs and documentation in 
Kildare9 and delivered on a frequent basis directly to the Gateway facilities BG Turnkey 
in Dublin bought and managed the supply chain of Microsoft mice At the time of the 
second interview Gateway was in the process of outsourcing the kitting of the accessory 
boxes to Modus Media, thereby further reducing its component inventory levels
7 One o f  the gains was that Dell no longer needed to own the final buffers in the supply-chain involving 
local suppliers O bviously, this situation could also be reached if local suppliers hubbed at IEC, as was the 
case with LM S-Beach How ever, this was an expensive solution for local suppliers, and indirectly for Dell 
as well O ther local suppliers, such as Foxteq in M ullingar (a new  local supplier since 2000), supplied 
directly to Dell, and the inventory in the trucks was vendor ow ned (Interview M cCann, Foxteq, April 
2001)
8 Shortly after the first interviews, in 1999, Keytech started to line-feed cables on a kan-ban basis, directly 
from its own facilities
9 D ocum entation was printed by M odus M edia in Dublin However, M odus M edia sourced all CD-ROM s 
from third parties
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In principle suppliers were free to choose between two main 3pl hubs, IEC and Walsh 
Western Both 3pi providers operated warehouses near Gateway However, Gateway 
preferred to consolidate the hubbed inventories, and in 1998 nearly all inbound material 
was stored at the IEC hub, located at 10 minutes drive from the Gateway plant The few 
exceptions were Lite-on/Maxiswitch with a hub in Limerick (for high volume keyboard 
models), Philips (for CD-RW drives) and Plextor (for small amounts of hard disk drives) 
with hubs m Holland, Thompson Litho with a small vendor hub (for a small amount of 
media) near Gateway, and 3-Com, who hubbed network cards at Walsh Western Finally, 
some peripherals, such as monitors, printers, cameras and joy sticks were hubbed at IEC 
in Dublin as well as at an IEC facility m Wales, for outbound pipeline merge As regards 
the turnkey supply-chain-managers, Modus Media supplied directly from Kildare, about 
one hours dnve from Gateway 10 BG Turnkey was located at the same industrial estate as 
Gateway and QEF operated out of Cork
Apple
At the time the first interview was conducted in November 1998, Apple was in the 
process of re-organising its inbound logistics Apple's inbound logistics strategy was to 
get all suppliers to hub near Apple, including companies that supplied printed labels and 
c-class items, like screws The contents of the country kits was to be managed by supply- 
chain-managers on a turnkey basis and to be kitted and delivered on a JIT basis 
Packaging was to be supplied direct, on a true JIT basis
In November 1998, Apple's hubbing strategy was already well in place Virtually all 
material was hubbed near Apple, including enclosures manufactured in Ireland, and 
microprocessors imported from the USA The supply chains of the content of the country 
kits was managed by two local supply-chain-managers, BG Turnkey and Walsh Western, 
who bought and stocked the components on a turnkey basis and also took care of the 
kitting Only hard-disk drives, configured by Quantum in Ireland, and c-class items such 
as screws were still supplied direct and held as Apple-owned inventory But even 
Quantum was requested to hold inventory of generic disks at its facility in Dundalk
At the time Apple was still using a number of 3pl and vendor hubs, nearly all located in 
Cork City The main hubs were those of BG Turnkey11, co-located on the same industrial 
estate, and IEC, located a few miles from Apple Logitech operated its own hub m Cork 
and enclosures manufactured by SSS in Singapore were hubbed at Tech-source in Cork, 
who also carried out small value adding activities Alps was located in Millstreet, 50 km 
from Cork City, where it localised less current keyboard models but also hubbed high- 
volume keyboard models, to be supplied to the kitters Monitors were all hubbed at a 3pl 
provider at Schiphol Airport in Holland from where they were distributed directly to the 
customer
10 From Q4, 1999, M odus M edia started supplying com plete country kits from a facility located a few 
m inutes drive from Gateway
11 Apart from its m edia and kitting business, BG Turnkey in Cork provided a hubbing service for Apple 
m aterial as well
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However, this was still not considered the optimal solution and Apple was in the process 
of restructuring the inbound pipeline "All hubs were in Cork, but even then we found 
that that was not good enough Five miles is limiting our ability to deplete on our 
inventory, and we need to tightly manage that" (Interview Ruddy, Apple, September 
1999) At the time the second interviews were conducted, in 1999, Apple was in the 
process of consolidating all inbound inventories into an on-site 'super hub', managed by 
Walsh Western Thus, SSS, Logitech, and Quantum were now hubbmg at 3pl as well 
Furthermore, Apple had consolidated all kitting activities at Walsh Western Finally, Alps 
no longer localised keyboards in Millstreet, but hubbed these at Walsh Western, who also 
took care of the key-cap printing of low-volume models
Intel
Intel aimed to reduce the inbound inventories at its European Site for System 
Manufacturing (ESSM) by requesting suppliers to hub at a single 3pl hub, or by sourcing 
items on a turnkey basis from local supply-chain-managers
In 1998 the strategy was already fully implemented The components for the country kits 
(mouse, media, power cord, and in some cases the keyboard), were bought and stocked 
by BG Turnkey and kitted and delivered on a nearly true JIT basis to Intel's outbound 
logistics centre Screws and other c-class items were supplied on a kan-ban basis by 
another turnkey supply-chain-manager Mac-B Nearly all other inputs for the system 
assembly line and the PCB assembly line -  including some components manufactured in 
Ireland1 -  were hubbed at a single Walsh Western 3pl hub The main exception was 
enclosures, imported from the USA and Scotland These were still collected by Intel's 
freight partners and stored at Intel as Intel-owned inventory Obviously, Intel 
microprocessors and Intel motherboards involved intra company transactions and did not 
need to be hubbed but were stored at the relatively small on-site warehouse
As regards location, the mam Walsh Western hub as well as BG Turnkey's facility were 
located at 20 minutes drive from Intel in Dublin The only vendor hub was the Alps 
facility m Millstreet, where high-volume keyboard models were hubbed13
AST-Samsung
AST aimed to minimise the inbound inventories by requesting local suppliers to produce 
and supply on a very frequent basis and by making non-local suppliers hub material near 
the AST plant Furthermore, AST tried to promote delivery directly to the production 
lines, a system referred to by AST as 'pay-by-consumption'
12 Hard disk drives configured by Quantum  in D undalk, som e o f  the pow er cords, other cables and 
interconnect m aterial from M olex in Shannon, plastic parts, m etal parts from Southborough in Dublin
13 Part o f  the keyboards were sourced and kitted by BG Turnkey m Dublin However, som e o f  Intel's 
customers required the keyboard to be integrated in the system  box For these orders Intel sourced part o f  
its keyboard requirem ents direct from Alps in M illstreet
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Much of this strategy had already been implemented in April 1999 Thus, the Irish 
suppliers of enclosures (Dublin), low volume keyboard models (Dundalk) and packaging 
material (Limerick) were all delivering on a very frequent basis, directly from their own 
manufacturing premises to AST's facility -  in the case of packaging directly to the 
manufacturing lines The content of the accessory kits was supplied on a turnkey basis by 
BG Turnkey -  kitted on a nearly true JIT basis, and delivered directly to AST’s 
production lines Screws and other c-class items were delivered by QEF, another turnkey 
supply-chain-manager, using a kan-ban system Nearly all other core components were 
hubbed The main exceptions were Intel microprocessors and motherboards14, and some 
OEM supplies such as modems and network cards Portable enclosures, supplied by 
Samsung Korea, involved intra-firm transactions and did not need to be hubbed They 
were stored in AST’s on-site warehouse
AST tried to consolidate the hubbed materials at two 3pi providers, an IEC warehouse 
located at the Dock Road in Limerick and a Raindeer warehouse located in Shannon, 20 
minutes drive from AST AST dealt with these two 3pi hubs because they had arranged 
communication systems regarding the material in the hubs, and the two 3pls provided 
reports on a daily basis In most cases the vendor was free to choose between these two 
hubs BG Turnkey managed the supply chain of country kits from a facility on the same 
industrial estate and QEF managed the supply chain of screws from its facility in Cork
In 1998, most material was still pulled from IEC or Raindeer into AST’s on-site 
warehouse However, AST was in the process of shifting the point where goods were 
changing title forward in the pipeline Thus, most of the hard disk drives were already 
delivered directly to the production lines, the point-of-consumption, leading to very low 
inventories on AST's books
IBM
At the time the first interviews were conducted in 1999, IBM was in the process of 
reorganising its inbound logistics The overall inbound pipeline strategy was to reduce 
the inbound inventories on IBM's books by making 'local' manufacturers deliver on a 
frequent basis directly to IBM and by requiring 'non-local' suppliers to hub In effect, 
IBM aimed ”to hub everything that was not affected by size constraints” (Interview 
Nugent, IBM, July 1999) What was considered 'local' really depended on the service 
levels required ”If the service level is four hours, than local means Scotland If it is 24 
hours, than it means Ireland also” (Ibid)
At the time the first interviews were conducted, in February 1999, IBM had already made 
great progress in implementing the strategy Nearly all material inputs were either 
manufactured locally, hubbed locally, or supplied on a turnkey basis by local supply- 
chain-managers Thus, the enclosures, low volume keyboard models and packaging, 
manufactured or printed in Scotland, and heat sinks, manufactured in England, were 
supplied on a very frequent basis directly from the suppliers’ manufacturing premises to
14 O ther m otherboards, supplied by BCM /JV C and im ported from Taiwan, w ere hubbed
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IBM's facility -  in the case of packaging directly to the manufacturing lines However, 
even some of the local manufacturers were requested to hold specified minimum levels of 
finished goods at their own premises The components for the country kits (typically 
documentation, CD-ROM, power cord, and, in some cases, the mouse, the keyboard and 
speakers)15 were bought/printed16 and stored by Modus Media, kitted in a JIT 
environment and delivered directly to the production lines, using a kan-ban system 
Similarly, NABS managed the supply chain of screws and other c-class items on a 
turnkey basis and delivered using a kan-ban system
Many of the other components were already hubbed locally, including some items 
manufactured or configured in England (motherboards from Celestica) and Ireland (hard 
disc drives from Quantum and connectors from Molex) The imported items that were 
still sent direct, and stored as IBM owned inventory, included some of the portable bases 
and docking stations from Japan, some of the motherboards from the USA and the Far 
East, specialised power supplies from Italy, flat panel monitors from the Far East, some 
of the expansion cards, some options such as digital cameras, laminated boards, passive 
components, Intel processors and some of the other semiconductors 17 In most cases the 
reason for not hubbing a particular item was that IBM simply had not had the time to 
change the arrangement or that the volumes were very low, as in the case of options such 
as digital cameras By the end of 1999, all portable bases, docking stations, 
motherboards, flat panel monitors, most options and most expansion cards were hubbed 
as well (Interview Harry Stanton, IBM, April 2001)
IBM exerted no particular pressure on their suppliers to use particular hubs and received 
product through various 3pi providers or vendor owned hubs "We don’t force our 
suppliers to use any one hub You can't force the suppliers to use a particular hub But we 
have a range of hubs that we have available and we try to encourage our suppliers to use 
them " (Interview Stanton, IBM, July 1999)
Thus IBM received material via several 3pi providers, inter alia, IEC and Nippon 
Express, but the mam hubs were the two facilities of Express Cargo Forwarding (ECF -  
the international division of IEC) near Paisley airport In order to further reduce inbound 
inventory levels on its own books, IBM had converted part of its on-site warehouse into a 
facility for holding 'vendor consigned inventory' The suppliers owned the inventory and 
IBM charged a minimal rental for the facility It was effectively a hub, although it was 
managed by IBM Furthermore, the on-site hub did not involve fbirth-to-death' hubbing -  
IBM was not involved in the inbound freight and custom formalities There was no rule 
as to which components were to be stored in the on-site hub, but the on-site hub offered 
some clear advantages for IBM "If we could have every supplier deliver everything to 
that facility and have it all owned by the supplier, than we would want to do that Why
15 The content o f  the country kit varied, depending on custom er requirem ents In those cases where 
com ponents were packed by IBM, IBM  pulled from hubs or received deliveries directly from the suppliers' 
local facilities
16 M odus M edia did its own printing High volume docum entation was printed in Dublin w hile the Scottish 
facility carried out som e low volume printing on site
17 In addition, items m anufactured at other plants owned or partly owned by IBM  (e g som e o f  the hard 
disk drives, m onitors and displays) w ere stocked as IBM inventory as well
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would we want to have hubs 20 km away when we could have it here under the same 
arrangements'? [Furthermore,] it is visible to our system, more live" (Interview Stanton, 
IBM, July 1999)
Nearly all hubs were located within a 20 miles radius of IBM The main exception 
concerned monitors that were hubbed m Scotland as well as Amsterdam, from where they 
were distributed directly to the customer Alps hubbed high-volume keyboard models in 
Cork, Ireland NABS and Modus Media were located close to IBM, respectively in 
Greenock and Cumbernauld
Compaq
Compaq's inbound logistics strategy was to minimise its inbound inventories by having 
the local suppliers of bulk parts deliver on a very frequent basis and by getting "as much 
as possible [of the other material] vendor hubbed in Express Cargo Forwarding" 
(Interview Darragh, Compaq, September 1999)
In 1999, this strategy was already fully implemented and nearly all material was either 
manufactured locally, hubbed locally or supplied on a turnkey basis by local supply- 
chain-managers that bought, stocked and kitted material for frequent delivery, directly to 
the production lines (e g components for some of the country kits by Brands Electronics, 
who also kitted these components18, screws and other c-class items by TR Fastenings) 
The exceptions were Intel processors, and highly specialised or unique parts used in the 
manufacture of high-end computer systems19 Thus, even motherboards produced in 
Scotland, some monitors assembled in Wales and England and hard disk drives 
configured by Quantum in Ireland were 3pl hubbed as well
As regards the location of the hubs, Compaq aimed to consolidate as much as possible of 
its inbound inventory into one hub Up until early 1999, material had been spread over 
two ECF 3pi hubs located near Paisley airport -  within 30 minutes drive from Compaq 
However at the time the first interviews were conducted most hubbed inventory was 
consolidated at a new ECF hub in Linwood -  15 minutes drive from Compaq NMB 
hubbed high volume keyboard models at Inchinnan Components for some of the country 
kits were kept at Brands Electronics in Greenock for kitting on a true JIT basis Brands 
also assembled the low-volume server enclosures manufactured in the USA and 
effectively functioned as a hub for these products20 Finally, TR Fastenings conducted 
'bread-runs' with screws and other c-class items, stored at a warehouse in East Kilbride
18 However, m ost o f  the country kits were kitted by Com paq W here this was the case, the com ponents 
were pulled from  the local m edia suppliers and the 3pl hub
19 Furtherm ore, in February 1999, Com paq received som e high-end m otherboards from its sister-plant m 
Singapore Since this involved intra-firm  transactions these boards were not hubbed By the tune o f  the 
second interview, in Septem ber 1999, the m anufacture o f  these boards had been outsourced and the boards 
were hubbed as well
20 It is possible to consider Brands as a local m anufacturer However, they were effectively hubbing 
finished stam ped m etal com ponents on behalf o f  tw o USA suppliers, who contracted Brands to  assem ble 
the product so as to save on transport costs
366
All these facilities were located within 30 minutes drive from Compaq Finally, monitors 
and options were hubbed at the ECF hub in Linwood, as well as ECF hubs m England 
and Holland The latter facilities functioned as hubs for Compaq’s regional distribution 
centres
Since 1999, Compaq has again restructured its inbound pipelines in order to further 
reduce the inventories on its books In 1999 Compaq pulled from the ECF hub to 
replenish minimal buffer levels (two days worth of material) at its on-site hub on a 'min- 
max’ basis In April 2001 this changed to a schedule-based pull system Compaq no 
longer held minimum buffers at its own plant but every six hours pulled material in for 
the orders that were on hand
Digital
Although Digital was taken over by Compaq in the first half of 1998, the actual 
integration of the two companies and the concomitant restructuring of the production 
networks was not completed until well into 1999 Thus, at the time the first interview was 
conducted, in February 1999, the inbound pipeline was still very much structured on the 
basis of a Digital strategy
Digital had been restructuring its inbound pipeline since early 1998, based on a new 
strategy devised to reduce the inbound inventories on its own books Until early 1998 
most components had been supplied on an ex-works basis (l e Digital was responsible 
for collection from the suppliers' plants and owned the material from the moment of 
collection) and Digital stocked inbound inventories in its on-site warehouse However, 
early 1998, Digital decided to require that suppliers had to either have a ’local’ 
manufacturing facility with an ability to deliver within 24 hours, or hub locally
At the time, there was no strategy to consolidate the hubbed inventories into one facility 
Suppliers were free to arrange their own hubbing facility from where Digital could be 
supplied within 24 hours Only if they failed to do so were they requested to hub at 
Digital's mam 3pl hubs -  the two ECF facilities near Paisly airport
In February 1999, the strategy was already implemented for most components Most 
components for the system building lines were either manufactured or hubbed at 
locations from where Digital could be supplied within 24 hours, and most of the 
components for the board assembly lines were planned to be hubbed in Q1 and Q2 of 
1999 However, many suppliers with 'local' manufacturing facilities were requested to 
hold specified minimum levels of finished goods at their own premises, so Digital could 
minimise the inventories in its own warehouse The mam suppliers that continued to 
supply direct, on the basis of relatively inflexible purchase orders, were Intel and some of 
the suppliers of high-end power supplies21 Screws and other c-class items were supplied
21 M aterial supplied by Digital sister-plants needed not to be hubbed and were stored in the on-site 
warehouse
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by Geltron, a turnkey supply-chain-manager, who delivered directly to Digital's 
production lines, using a kan-ban system
The 24-hour service level requirement meant that 'local1 manufacturers and hubs could be 
located at considerable distances Thus, as far as the logistics pipeline was concerned, 
suppliers with manufacturing facilities in Scotland (supplying enclosures, metal and 
plastic parts, cables and interconnect, packaging and low volume keyboards) as well as 
suppliers with facilities in England (power supplies, cables and fans) and Ireland 
(network components, metal parts and interconnect material), were all considered ’local' 
and did not need to organise additional hubbing facilities
Similarly, apart from the vendor hubs located in Scotland, (API, Metz22 and Lite-on for 
power supplies, Seagate for hard disks, Mitsubishi for monitors, NMB for volume 
keyboards, Volex and Amphenol for cables)23, other vendor hubs were located in Ireland 
(Quantum for hard disk drives, Logitech for mice, Cabletron for network cards, Teradyne 
for backpanels), England (Fujitsu for hard disk drives), Wales (LG Electronics for 
monitors) and even Holland (MPL for power supplies, Genicom for printers) Geltron, 
the turnkey supply-chain-manager operated out of a warehouse in Irvine, at 20 minutes 
drive from Digital
Thus, until the first quarter of 1999, the requirements of the Ayr facility had been 
relatively flexible However, by the time of the second interview, m July 1999, the on­
going integration of the Ayr facility into the Compaq production network had brought 
new changes m the structure of the inbound pipeline The Ayr facility had come under 
strong pressure to bring down the lead-time requirement from 24 hours to two hours 
Furthermore, "Compaq do not like vendor hubs The problem is that we have a ship 
signal, it is an electronic signal that goes out and says I want to build this box It is 
better to send out one signal than three to three different people" (Interview Tyldsley, 
Digital, July 1999) As a result, by July 1999, nearly all suppliers with manufacturing 
facilities outside Scotland were hubbing and nearly all hubs were consolidated at ECF in
Lmwood
r
Packard Bell-NEC
At the time the first interviews were conducted, in 1999, Packard Bell-NEC aimed to 
minimise the inbound inventory levels, but hubbing was not a strong element of the 
strategy
I do not believe we need a hub At the end o f  the day you pay for hubbing anyway So I 
prefer to have my visibility and m anage the w arehouse I am not a believer in the hub process 
The only two products that I am interested m vendor hubbing are chassis and monitors 
(Interview , Rooney, Packard Bell-NEC, Septem ber 1999)
22 Initially, in 1998, M etz even attem pted to operate a hubbing facility in Boston but this arrangem ent failed 
to live up to the 24-hour delivery requirem ent
23 Some o f  these com panies supplied m aterial m anufactured at their local facilities However, the same 
facilities functioned as a hub for products m anufactured in other regions
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In 1999, nearly all inbound (and outbound) material was routed through a local 
warehouse run by Walsh Western However, this was merely an arrangement to 
overcome a lack of on-site warehouse space at Packard Bell Nearly all material in the 
Walsh Western warehouse was owned by Packard Bell Only the enclosures, imported 
from Taiwan were hubbed at IEC while high volume keyboard models were vendor 
hubbed at NMB m Inchinnan Monitors were not hubbed yet, but stocked as Packard-Bell 
inventory in the local Walsh Western warehouse as well as in a warehouse in England 
where products were merged for distribution into the retail channel Packaging and low- 
volume keyboard models were printed on a true JIT basis from facilities in Scotland The 
supply chain of media was managed on a turnkey basis by Thompson Litho in East 
Kilbride Thompson Litho bought the CD-ROMs, printed the documentation, shrink- 
wrapped the material together and delivered it on a daily basis Similarly, the supply 
chain of cables was managed on a turnkey basis by ECS, who operated a warehouse in 
the Netherlands
However, in 2000, Packard Bell-NEC had changed its inbound pipeline strategy and 
aimed to hub most material at ECF in Linwood 24
Apncot-Mitsubishi
Apricot aimed to minimise the inbound inventories on its books by making local 
suppliers deliver very frequently and by "hubbing as much as possible" (Carson, Apricot- 
Mitsubishi, September 1999) However, in 1999 a substantial part of imported material 
was still not hubbed Thus, Intel microprocessors, Intel motherboards, Intel finished 
servers, riser cards, most memory, tape back-up/autoloaders, heat sinks, network cards, 
some of the c-class items and virtually all inputs for the PCB assembly line, were stocked 
as Apricot-owned inventory and supplied on the basis of specific relatively inflexible 
purchase orders Furthermore, the enclosures imported from China were hubbed locally, 
but Apricot-Mitsubishi owned the in-transit inventory 25 The reason for not hubbing was 
partly explained by the high Intel-content of the supplies -  Intel did not hub Other items 
were not hubbed because of the limited volumes required by Apricot "We tend only to 
hub the major parts, we wouldn’t hub some cable harness or screws, because our volumes 
don’t warrant the need to do that" (Carson, Apricot, February 1999)
Most other components were hubbed, including packaging, manufactured in Glasgow 
Volex (cables)26 and Tatung (monitors) supplied on a relatively frequent basis directly 
from their own facilities in England but were committed to hold agreed minimum
24 This inform ation was provided during an introductory telephone conversation for a third interview with 
staff at Packard Bell-NEC However, the interview never developed and detailed inform ation regarding the 
developm ents in the pipeline structures was not obtained
25 This w as a particular arrangem ent that allowed Apricot to keep control over the transport o f  these 
enclosures and thus have a stronger guarantee that enclosures w ould arrive on time However, the m om ent 
enclosures arrived in Scotland they w ere placed in the hub and the suppliers owned the inventory
26 Some o f  the interconnect m aterial supplied by Volex was m anufactured in England O ther material was 
m anufactured at sister plants in other regions and hubbed at the Volex facility in England
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inventory levels for Apricot NMB localised and supplied low-voiume keyboard models 
on a nearly true JIT basis Finally, the supply chains of media were managed on a turnkey 
basis by Sykes and Thompson Litho Both companies bought CD-ROMs, printed 
documentation in-house, shrink-wrapped the material and supplied Apricot on a nearly 
true JIT basis
Apricot did not aim to consolidate the hubbed inventories The majority of suppliers 
made their own hubbing arrangements, either at their own facilities or at a 3pl provider 
"We have not followed Compaq and some other companies that have set up a single hub 
for all their suppliers it does cost money whatever anyone says We did believe that 
the hubbing process was the correct way to go, however we choose to do that with each 
of our suppliers and use their premises as the hub" (Interview, Carson, Apricot, February 
1999) However, for suppliers that were unable to do so, Apricot had contracted Fife 
Warehousing, a local warehousing group, to operate a common hub
The Fife Warehousing hub was located at five miles from the plant The information 
regarding the location of the other hubs is incomplete, but no hubs were located near 
Apncot-Mitsubishi in Glenrothes Most hubs were located in Glasgow, 75 km from 
Glenrothes or even further in Scotland, England and Ireland 27 Mitsubishi momtors were 
hubbed at Mitsubishi’s warehouse near London, from where the monitors were shipped 
direct to the customer The monitors manufactured and stocked at Tatung in the North of 
England were still merged at Apricot in Scotland 28
Sun Microsystems
Sun strongly focussed on minimising inbound pipeline inventories One of the strategies 
towards this end was to use regional suppliers (where it made sense from a total cost 
perspective) that could supply on a very frequent basis As regards the imported material, 
to early 1999, Sun did not operate a hubbing system but still had most material collected 
from its suppliers (free-on-board) and stocked it as Sun-owned inventory However, at 
the time the first interviews were conducted, in February and July 1999, Sun was in a 
transition phase "I have been part of the world-wide supply chain strategy team for the 
last year The strategy is all about hubs, supplier-owned inventory, supplier-owned 
freight into manufacturing The only time we want to own inventory is when it goes on 
the production line So we will have less of a Sun-owned inventory solution" 
(Interview Mayer, Sun, July 1999)
From an implementation point of view, in the first half of 1999 the strategy was still in 
the very early stages As regards regionally manufactured materials, such as enclosures 
and motherboards from Scotland and England and microprocessor modules from
27 NM B hubbed high volum e keyboard m odels at its facility in Inchinnan, Scotland V olex hubbed at its 
facilities in Cum bernauld and M anchester Logitech hubbed in Cork, Ireland On the other hand, the hard 
disk drives configured by Quantum  in Ireland were hubbed in G lasgow
28 Apricot pulled m onitors from Telford to the facility in G lenrothes where they were m erged w ith the 
system However, A pricot w as in the process o f  arranging to have the m onitors m erged with the system s in 
Telford for further distribution
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England, Sun already received material on a very frequent basis However, even some of 
the regional manufacturers were requested to hold specified minimum levels of finished 
goods at their own premises and, in case of some of the regional motherboard suppliers, 
buffers were kept both at the suppliers and at Sun’s warehouses
Most items manufactured in other regions were still collected by Sun's freight partners 
from the suppliers’ facilities -  on a free-on-board basis The only items hubbed were most 
hard disk drives, storage tapes, memory, server racks and most of the monitors The 
supply chain of screws, fasteners, internal cables, labels, and packaging were managed on 
a turnkey basis by BG Turnkey who supplied these materials directly to the production 
lines on a daily basis or even more frequently BG Turnkey also managed the supply 
chains for the content of generic ship kits and language specific country kits, kitted the 
material and delivered the kits to the production lines in Sun's manufacturing plant in 
Scotland or to Sun's distribution centre in Holland However, kitting did not take place on 
a true JIT basis Sun was committed to hold specified minimum levels of finished kits at 
its own premises By the time of the final interview, m April 2001, Sun had fully 
implemented the strategy By then Sun kept no significant inventories of regionally 
manufactured enclosures and motherboards and nearly all imported material was hubbed
In 1999, Sun did not aim to consolidate the hubbed inventories Sun did lease an off-site 
warehouse from Frans Maas, located in Livingston, 20 minutes drive from the plant 
However, this warehouse was only in use because of a shortage of space on-site and 
basically functioned as an extension of the on-site warehouse The strategy was to have 
the suppliers own and select hubs 'The big suppliers select the hub because they service 
many other suppliers and for smaller suppliers we would offer to set up the hub or 
introduce them to ECF or Frans Maas" (Interview Mayer, Sun, July 1999)
As regards location, in principle all hubs had to be able to deliver within two to four 
hours of the pull signal However, at least in 1999, this rule was applied flexibly Seagate 
operated its own hub in Irvine, Scotland and Hewlett Packard was requested to hub 
storage tapes at Frans Maas because it could not live up to the two to four hours service 
requirement from its Bristol facilities However, Quantum hubbed its drives at its 
facilities in Ireland and Samsung hubbed memory at its distribution centre near London 
The supply-chain-manager, BG Turnkey, supplied cables, screws, c-class items and ship 
kits from a facility in Livingston -  20 minutes drive from Sun Partly driven by fiscal 
reasons, Sun distributed all its product from a distribution centre at Montfoort, The 
Netherlands Many supplies, notably some of the monitors and other peripherals, were 
therefore stored or merged at this distribution centre, rather than in Scotland At the time, 
all inventory stocked at this distribution centre was on Sun's books However the plan 
was to hub all this material, either at the distribution centre or at vendor hubs Sony 
monitors were already vendor hubbed in Rotterdam -  at 30 minutes drive from Sun BG 
Turnkey kitted and hubbed the country kits at a facility in Apeldoom -  30 minutes from 
Sun
By the time the last interview was conducted, in 2001, there was a clear strategy to 
consolidate the hubs and many suppliers were now hubbing at Frans Maas in Scotland
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Furthermore, Sun aimed to transfer the off-site (leased) warehouse into a proper 3pl hub 
where suppliers would relate directly to Frans Maas and Sun would be freed from the 
warehouse as an overhead
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Table F 1 Target inbound inventory levels by material input
Dell Gateway Apple Intel AST IBM Compaq Digital Packard Apncot Sun a v e r a g e *
Material Inputs Far East 
and Americas
microprocessors 5 5 5 n  d 3 3 3 n  d < 1 0 2 5 4
flat panel monitors n  a n  a n  a n  a n  a 5 n  a n  a n  a n  a 5 5
memory 1 0 1 0 5 n  d n  d 1 0 1 0 5 < 1 0 5 5 8
LCD displays 1 0 i n t 5 n  a i n t 5 1 0 n  a n  a n  a n  a 8
server racks 1 0 1 0 n  a n  a n  a 1 0 1 0 n  a n  a 5 5 8
tape back-up/ autoloaders 1 0 1 0 n  a n  a n  a 1 0 n  a 1 0 n  a 5 + s u p 5 9
modem/network cards 1 0 1 0 1 0 n  a n  d 5  o r  1 0 1 0 1 0 1 0 5 + s u p 5 9
sound/video/graphics cards 1 0 1 0 1 0 n  d n  d 5  o r  1 0 1 0 1 0 1 0 5 + s u p 5 9
AC adapter 1 0 i n t n  d n  a i n t 5  o r  1 0 1 0 n  a n  a n  a n  a 9
motherboards/backpanels 1 0 1 0 1 0 o n - s i t e n  d 1 0 1 0 1 0 1 0 5 i n t 9
heat sinks 1 0 1 0 1 0 n  a n  a 1 0 1 0 1 0 n  d n  a 5 9
enclosures 1 0 1 0 1 0 n  d n  a 1 0 1 0 1 0 1 0 5 n  a 9
power supplies 1 0 1 0 1 0 n  d i n t 1 0 1 0 1 0 1 0 int 5 9
hard disk drives 1 0 1 0 1 0 n  d n  d 1 0 1 0 1 0 1 0 1 0 5 9
floppy drive 1 0 1 0 1 0 n  d n  d 1 0 1 0 1 0 1 0 1 0 5 9
CD ROM drive 1 0 1 0 1 0 n  a n  d 1 0 1 0 1 0 1 0 1 0 5 9
CRT monitors 1 0 1 0 5 n  d n  d 1 0 1 0 1 0 1 0 1 0 1 0 9
enclosures for portables n  a n  a 1 0 n  a n  a 1 0 1 0 n  a n  a n  a n  a 1 0
small plastic/metai parts n  a n  a n  a n  a n  a 1 0 n  a 1 0 n  a n  a i n t 1 0
riser cards n  d n  d n  d n  d n  d 1 0 i n t 1 0 n  d 5 n  d 1 0
cooling fans 1 0 1 0 i n t n  d n  a i n t 1 0 1 0 i n t i n t i n t 1 0
CD RW drive n  a 1 0 n  a n  a n  d 1 0 1 0 n  a 1 0 n  a n  a 1 0
DVD drive 1 0 1 0 1 0 n  a n  a 1 0 1 0 n  a 1 0 n  a n  a 1 0
combo drive 1 0 i n t n  a n  a n  a 1 0 n  a n  a n  a n  a n  a 1 0
zip drive 1 0 1 0 1 0 n  a n  a n  d n  a n  a 1 0 n  a n  a 1 0
docking stations o n - s i t e 1 0 n  a n  a n  a 1 0 o n - s i t e n  a n  a n  a n  a 1 0
partly integrated portables 1 0 1 0 n  a n  a n  d n  a n  a n  a n  a n  a n  a 1 0
high volume keyboards 1 0 1 0 1 0 n  d n  d 1 0 1 0 n  d n  d 1 0 i n t 1 0
joysticks n  d 1 0 n  a n  a n  d 1 0 n  a n  a n  a n  a n  a 1 0
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Dell Gateway Apple Intel AST IBM Compaq Digital Packard Apricot Sun a v e r a g e *
microphone n  d n  d 1 0 n  a n  d 1 0 n  d n  a 1 0 n  a i n t 1 0
scanner 1 0 1 0 n  a n  a n  a 1 0 n  a n  a 1 0 n  a n  a 1 0
printers 1 0 1 0 1 0 n  a n  a n  a n  a 1 0 1 0 n  a n  a 1 0
battery for portable 2 0 i n t 1 0 n  a i n t 1 0 1 0 n  a n  a n  a n  a 1 3
speakers 1 0 n  d i n t n  a n  d 1 0 2 0 i n t 1 0 i n t n  a 1 3
mice 2 0 n  d r ~  10 n  d n  d 1 0 2 0 n  d 1 0 1 0 i n t 1 3
power cables 2 0 n  a > 2 0 n  a i n t 1 0 2 0 1 0 n  d 1 0 i n t 1 4
other cables 2 0 n  a > 2 0 n  a n  d 1 0 2 0 1 0 n  d i n t > 5 1 5
screws and fasteners l a r g e l a r g e 4 0 n  d n  d > 4 0 2 0 l a r g e i n t 6 0 2 0 3 5
digital camera n  a n  d n  a n  a n  a n  d n  a n  a n  a n  a n  a n  d
Material Inputs Europe
power supplies n  a n  a n  a n  a n  a 4 n  a s m a l l  o r  1 0 n  a n  a 5 5
tape back u p /  autoloaders n  a n  a n  a n  a n  a n  a 1 0 n  a n  a n  a 5 8
hard disk drives n  a 1 0 n  a n  a n  a 4 1 0 n  a n  a n  a n  a 8
memory 1 0 1 0 n  a n  a n  a n  a n  a 5 n  a n  a n  a 8
CRT monitors 1 0 n  a n  a n  a n  a 1 0 n  a n  a n  a n  a 5 8
enclosures for portables n  a n  a n  a n  a n  a 1 0 n  a n  a n  a n  a n  a 1 0
motherboards/backpanels n  a n  a n  a n  a n  a n  a 1 0 n  a n  a n  a n  a 1 0
cooling fans n  a n  a n  a n  a n  a n  a n  a 1 0 n  a n  a n  a 1 0
sound/video/graphics cards n  a n  a n  a n  a n  a n  a 1 0 n  a n  a n  a n  a 1 0
printers 1 0 n  a n  a n  a n  a n  a n  a n  a n  a n  a n  a 1 0
other cables n  a n  a n  a n  a n  a n  a n  a 1 0 n  a n  a n  a 1 0
Material inputs Ireland 
and UK
packaging 1 1 i l s m a l l s m a l l s m a l l s m a l l s m a l l 1 2 2 2
low volume keyboards s m a l l 2 1 s m a l l s m a l l s m a l l s m a l l s m a l l s m a l l s m a l l i n t 2
country kits n  a n  a 1 s m a l l s m a l l s m a l l s m a l l n  a n  a n  a 5 2
CD ROMs (wrapped) 1 1 5 i n t i n t i n t s m a l l 1 1 o r  5 s m a l l 2 i n t 4
printed media (wrapped) 1 1 5 i n t i n t i n t s m a l l 1 1 o r  5 s m a l l 2 i n t 4
heat sinks n  a n  a n  a n  a n  a 5 n  a n  a n  a 5 + s u p n  a 5
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enclosures 1 0 n  a 4 n  d 2 1 0 2 ( 8 g ) 5 ( 5 g j n  a n  a 5 5
hard d isk drives 5 5 ( 5 g ) 2 ( 5 g  ) n  d n  d n  d 1 0 s m a l l ( 8 g  ) n  a 1 0 5 6
server racks 1 0 n  a n  a n  a n  a n  a 2  ( 8 g  ) 5 _ 1 5 g J n  a n  a n  a 6
small p lastic/m eta l parts 1 0 n  a 1 0 n  d n  a 1 0 1 0 5 n  a n  a n  a 9
m odem /netw ork cards 1 0 1 0 n  a o n - s i t e n  a n  a 1 0 1 0 n  a 5 + s u p 5 9
m otherboards/backpanels 1 0 n  a n  a n  a n  d 1 0 1 0 i n t n  a n  a 5  o r  1 0 9
power supplies n  a n  a n  a n  a n  a n  a n  a 1 0 n  a n  a n  a 1 0
CRT m onitors n  a 1 0 n  a n  d n  a 1 0 1 0 n  a n  a 1 0 n  a 1 0
printers n  a 1 0 n  a n  a n  a n  a n  a n  a 1 0 n  a n  a 1 0
flexcirquit n  a n  a n  a n  a n  a n  a n  a 1 0 n  a n  a n  a 1 0
printed labels 1 0 + s u p n  d 1 0 n  d n  a n  a io n  a n  d 5 + s u p 2 0 1 3
power cables 2 0 1 0 n  d i n t i n t 1 0 2 0 1 0 n  a 1 0 i n t 1 3
other cables 2 0 > 1 0 n  a n  d n  d 1 0 n  d 1 0 n  a n  a > 5 1 3
cooling fans n  a n  a n  a n  a n  a n  a n  a i n t n  a n  a n  a i n t
Inputs PCB assembly
etched circuit boards 
non-regional n  a n  a n  a n  d n  a 5 n  d n  d n  a n  a n  a 5
etched circu it boards UK n  a n  a n  a n  a n  a n  a n  a n  a n  a 5 n  a 5
other sem iconductors n  a n  a n  a n  d n  a 5  o r  1 0 n  d 1 0 n  a 5 + s u p n  a 9
capacitors/resistors n  a n  a n  a n  d n  a 1 0 + s u p 1 0 + s u p 5 n  a 5 + s u p n  a
in terconnect m ateria l n  a n  a n  a n  d n  a 1 0 n  d n  d n  a 5 + s u p n  a 1 0
Key
n a = not applicab le  
n d = no data
int = input com es integrated w ith other com ponent 
g = buffer of generic (unfin ished) material held by suppliers 
on-site = m anufactured by foca l com pany on site
(+sup) = here apart from  the inbound inventories stored at the foca l com panies the supplier kept unstipulated inventories as w ell - at hub local w arehouse or plant 
* only precise figures w ere included in the calculation of average figures The exception w as the indication 'small' w hich w as counted as 2 days
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Table F 2 Target shipment frequencies by material input (number of days between shipments)
Del1 Gateway Apple Intel AST IBM Compact Diqital Packard Apricot Sun average
M ateria l Inputs Far East 
and A m ericas
microprocessors 1 5 2 n d 2 1 2 1 n d 2 1 2
flat pane! monitors n a n a n a n a n a 5 n a n a n a n a 5 5
memory 1 to 3 5 2 to 5 n d n d 1 2 3 n d 5 1 3
LCD displays n d mt 5 n a int 2 5 n a n a n a n a 4
server racks 5 5 n a n a n a 5 5 n a n a 20 1 7
tape back up/ autoloaders 5 5 n a n a n a 5 n a 5 n a 5 5 5
modem/network cards 5 or 10 10 10 n a n d 5 5 10 n d n d 1 7
sound/video/graphics cards 5 or 10 5 10 n d n d 5 5 10 n d n d 1 6
AC adapter 5 int n d n a int 5 5 n a n a n a n a 5
motherboards/backpanels 5 5 5 on-site n d 1 to 2 2 10 n d 20 int 7
heat sinks 10 10 10 n a n a 5 5 10 n d n a 2 7
enclosures 5 5 10 n d n a 5 5 10 n d 5 or 10 n a 7
power supplies 10 5 10 n d int 5 5 10 or 3 n d int 2 6
hard disk drives 5 5 5 n d n d n d 5 n d n d 5 5 5
floppy drive 5 5 5 or 10 n d n d 5 5 n d n d 5 3 5
CD  RO M  drive 5 5 10 n a n d 5 5 5 n d 5 3 5
C RT monitors 5 5 5 n d n d 5 5 5 n d 5 5 5
enclosures for portables n a n a 10 n a n a 5 5 n a n a n a n a 7
small plastic/metal parts n a n a n a n a n a 4 n a 5 n a n a int 5
riser cards n d n d n d n d n d 2 int 5 n d 20 n d 9
cooling fans 10 10 int n d n a int 5 10 int mt mt 9
CD R W  drive n a 5 n a n a n d 5 5 n a n d n a n a 5
D VD  drive 5 5 10 n a n a 5 5 n a n d n a n a 6
combo drive 5 int n a n a n a 5 n a n a n a n a n a 5
zip drive 5 5 5 n a n a n d n a n a n d n a n a 5
docking stations on site 5 n a n a n a 5 on-site n a n a n a n a 5
partly integrated portables 2 5 n a n a n d n a n a n a n a n a n a 4
hiqh volume keyboards 5 8 10 n d n d 5 5 n d n d 5 int 6
joysticks 10 5 n a n a n d 5 n a n a n a n a n a 5
microphone 10 n d 10 n a n d 5 n d n a n d n a mt 8
scanner 5 5 n a n a n a 5 n a n a n d n a n a 5
printers 5 5 10 n a n a n a n a 5 n d n a n a 6
battery for portable 5 int 10 n a int 5 5 n a n a n a n a 6
speakers 5 or 10 5 int n a n d 5 10 int n d int n a 7
mice n d n d 10 n d n d n d 10 n d n d 5 or 10 int 9
power cables n d n a 20 n a int n d 10 10 n d n d mt 10
other cables 5 n a 20 n a n d n d 10 10 n d int n d 11
screws and fasteners n d n d 20 n d n d n d n d n d int 60 n d 40
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digital cam era n a n d n a n a n a n d n a n a n a n a n a n d
M aterial Inputs E urop e
power supplies n a n a n a n a n a bs(2) n a 2(bc) n a n a 2ibc). 2
tape back up/ autoloaders n a n a n a n a n a n a n d n a n a n a 3(bc) 3
hard disk drives n a 5(bdh) n a n a n a 3(bc) 3 to 5(bdh) n a n a n a n a 4
memory 1 to 3{bdh) 5(bdh) n a n a n a n a n a 3(bc) n a n a n a 3
C R T monitors 2(bdh) n a n a n a n a n d n a n a n a n a 1(bc) 2
enclosures for portables n a n a n a n a n a 2fbdh) n a n a n a n a n a 2
m otherboards/backpanels n a n a n a n a n a n a 1(bdh) n a n a n a n a 1
cooling fans n a n a n a n a n a n a n a 2{bdh) n a n a n a 2
sound/video/graphics cards n a n a n a n a n a n a 5(bdh) n a n a n a n a 5
printers 5(bdh) n a n a n a n a n a n a n a n a n a n a 5
other cables n a n a n a n a n a n a n a 2(bdh) n a n a n a 2
M ateria l inputs Ire land  
and UK
packaqing bs(1) bs(1) bs(<1) bs(1) bs(<1) bs(<1) bs{<1) bs(<1) bs(<1) 5(bdh) <1(bdh)
low volume keyboards bs(1) bs(1) bs(1) bsd ) n d bs(1) . bs(1) bs(1) bs(1) bs(2) int
country kits n a n a bs(1) bsfD bs(<1) bs(1) bs(1) n a n a n a b sd )
C D  ROM s (wrapped) bs(<1) bs(1) bs(1) int int 1(bdh) or bs(1) 1(bdh) or b sd ) 1 (be) or bs (1) bs(1) bs(1) int
printed media (wrapped) bs(<1) bs(1) bs(1) int int 1(bdh) or bs(1) 1fbdh) or bs(1) 1(bc) or bs (1) bs(1) bs(1) int
heat sinks n a n a n a n a n a bs(1) n a n a n a 20( bc/bs) n a
enclosures bs(1) n a 1(bdh/bs) n d bs(1) bs(1) bs(<1) bs(1) n a n a bs(1)
hard disk drives n d bs(1) bs(1) n d n d n d 2 to 3(bdh) bs(1) n a n d bs(1)
server racks n d n a n a n a n a n a bs(1) bs(1) n a n a n a
small plastic/metal parts b s(l) n a n d n d n a 3 to 5(bdh or be) 2(bdh) 1(bc) n a n a n a
modem/network cards 5 or 10(bdh or be) 10(bdh) n a on-site n a n a 5(bdh) n d n a n d 1(hc)
motherboards/backpanels 2(bdh) bs(2 or 1) n a n a n a n d 1(bdh) 1(bdh) int n a n a bs/bc(1)
power supplies n a n a n a n a n a n a n a 2ibh) n a n a n a
C R T monitors n a 1(bh) n a n d n a bs(1) n d n a n a bs(5) n a
printers n a n d n a n a n a n a n a n a n d n a n a
flexcirquit n a n a n a n a n a n a n a 1(bc) n a n a n a
printed labels 10(bc/bs) n d 10 (bc/bs) n d n a n a bs(1) n a n d 20(bc) n d
power cables bs{1) bs(3) n d int int n d n d 1(bdh) n a bs(5) int
other cables bs(1) 3(bdh) n a n d n d n d n d bs(1) n a n a n d
cooling fans n a n a n a n a n a n a n a int n a n a n a
Inputs PCB ass e m b ly
etched circuit boards 
non regional n a n a n a n d n a 3(bc) 5 or 10(bc) n d n a n a n a
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etched circuit boards U K n a n a n a n d n a n a n a n a n a 5(bc) n a
other semiconductors n a n a n a n d n a 1 to 3(bc/bdw) n d 5(bc) n a 5(bc/bdw) n a
capacitors/resistors n a n a n a n d n a n d n d 2 to 3ibc) n a 2 0( bc/bdw) n a
interconnect material n a n a n a n d n a n d n d n d n a n d n a
Key
n a  -  not applicable 
n d = no data
int = input comes integrated with other component 
on site ~ manufactured by focal com pany on site
bs = main buffers are positioned at suppliers plant (which might or might not involve a hubbing arrangement) Figures between brackets represent frequency of shipment from supplier to focal company 
be = main buffers are positioned at customer (focal company) Figures indicate frequency of shipment from supplier s manufacturing facility to focal company
bdh = main buffers are positioned at a detatched local hub (not part of the supplier s plant and not part of the customer s plant) Figures indicate frequency of shipmnet from supplier s plant to hub 
bc/bdw = buffers positioned both at the customer and a detatched local warehouse of the supplier (no hubbing arrangement) Figures indicate frequency of shipmnet from suppliers warehouse to customer
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Table F 3 Preferred mode of transport by material input
Dell Gateway Apple Intel AST IBM Compaq Digital Packard Apncot Sun typical
Material Inputs Far East 
and Americas
microprocessors P P P n  d P P P P P P P
flat panel monitors n  a n  a n  a n  a n  a n  d n  a n  a n  a n  a P l i m i t e d  d a t a
memory P P P n  d P - P P . . P n d P P P
LCD displays i n t i n t s n  a i n t P s n  a n  a n  a n  a n o  t y p  m o d e
server racks s P n  a n  a n  a s s n  a n  a P P n o  t y p  m o d e
tape back-up/ autoloaders P P n  a n  a n  a n  d n  a P n  a s P P  .
modem/network cards P P P n  a n  d P P P n  d P P P
sound/video/graphics cards P P P n  d n  d P p ( u s a ) s ( f e ) P n  d P P P
AC adapter P i n t n  d n  a i n t P P n  a n  a n  a n  a P  -
motherboards/ backpanels
. . .  P P P
o n - s i t e
P _ P P P n  d P
i n t
P
heat sinks n  d s s n  a n  a s s P n  d n  a P s
enclosures s s s n  d n  a s s s n  d s n  a s
power supplies s s s n  d i n t s s __________  P n  d i n t P s
hard disk drives P p p n  d n  d s s n  d n  d P P p
floppy drive P p s n  d n  d s s n  d n  d s P n o  t y p  m o d e
CD ROM drive P p s n  a n  d n  d s P n  d P P P
CRT monitors s s s n  d n  d s s s n  d s s s
enclosures for portables n  a n  a s n  a n  a s s n  a n  a n  a n  a s
small plastic/metal parts n  a n  a n  a n  a n  a s n  a P n  a n  a i n t n o  t y p  m o d e
riser cards n  d n  d n  d n  d n  d - - -  --  p i n t P n  d P n  d P
cooling fans s s i n t n  d n  a i n t s P i n t i n t i n t s
CD RW drive n  a P n  a n  a n  d n  d s n  a n  d n  a n  a n o  t y p  m o d e
DVD drive P P _ _ _ P n  a n  a n  d s n  a n  d n  a n  a P  ________
combo drive P i n t n  a n  a n  a n  d n  a n  a n  a n  a n  a l i m i t e d  d a t a
zip drive P _________ P P n  a n  a n  d n  a n  a n  d n  a n  a P  _
docking stations o n - s i t e P n  a n  a n  a s o n - s i t e n  a n  a n  a n  a n o  t y p  m o d e
partly integrated portables P P n  a n  a P n  a n  a n  a n  a n  a n  a P  . . . .
high volume keyboards s s s n  d n  d s s s n  d s i n t s
joysticks s s n  a n  a n  d s n  a n  a n  a n  a n  a s
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microphone s n  d _ P n  a n  d s s n  a n  d n  a i n t s
scanner s n  d n  a n  a n  a s n  a n  a n  d n  a n  a s
printers s s s n  a n  a n  a n  a s n  d n  a n  a s
battery for portable p i n t s n  a i n t s P n  a n  a n  a n  a n o  t y p  m o d e
speakers s s i n t n  a n  d s s i n t n  d i n t n  a s
mice n  d n  d P n  d n  d n  d s P n  d P i n t P
power cables n  d n  a s n  a i n t s s s n  d s i n t s
other cables n  d n  a s n  a n  d s s P n  d i n t P n o  t y p  m o d e
screws and fasteners P n  d P n  d n  d P n  d P i n t n  d n  d P
digital camera n  a n  d n  a n  a n  a s n  a n  a n  a n  a n  a l i m i t e d  d a t a
Material Inputs Europe
power supplies n  a n  a n  a n  a n  a t n  a t n  a n  a t t
tape back-up/ autoloaders n  a n  a n  a n  a n  a n  a t n  a n  a n  a t t
hard disk drives n  a t n  a n  a n  a t t n  a n  a n  a n  a t
memory t t n  a n  a n  a n  a n  a t n  a n  a n  a t
CRT monitors t n  a n  a n  a n  a t n  a n  a n  a n  a t t
enclosures for portables n  a n  a n  a n  a n  a t n  a n  a n  a n  a n  a t
motherboards/backpanels n  a n  a n  a n  a n  a n  a t n  a n  a n  a n  a t
cooling fans n  a n  a n  a n  a n  a n  a n  a t n  a n  a n  a t
sound/video/graphics cards n  a n  a n  a n  a n  a n  a t n  a n  a n  a n  a t
printers t n  a n  a n  a n  a n  a n  a n  a n  a n  a n  a t
other cables n  a n  a n  a n  a n  a n  a n  a t n  a n  a n  a t
Material inputs Ireland 
and UK
packaging t t t t t t t t t
low volume keyboards t t t t t t t t t
country kits n  a n  a t t t n  a n  a n  a t
CD ROMs (wrapped) t t t i n t i n t t t t t
printed media (wrapped) t t t i n t i n t t t t t
heat sinks n  a n  a n  a n  a n  a n  a n  a n  a t n  a t
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enclosures t n  a t t t t t t n  a n  a t t
hard disk drives t t t t n  d t t t n  a t t t
server racks t n  a n  a n  a n  a n  a t t n  a n  a n  a t
small plastic/metal parts t n  a t t n  a i n t t t n  a n  a n  a t
modem/network cards t t n  a o n - s i t e t n  a t t n  a t t t
motherboards/backpanels t n  a n  a n  a t t t i n t n  a n  a t t
power supplies n  a n  a n  a n  a n  a n  a n  a t n  a n  a n  a t
CRT monitors n  a t n  a t n  a t t n  a n  a t n  a t
printers n  a t n  a n  a n  a n  a n  a n  a t n  a n  a t
flexcirguit n  a n  a n  a n  a n  a n  a n  a t n  a n  a n  a t
printed labels t t t t n  a n  a t n  a n  d t t t
power cables t t t i n t i n t t t t n  a t t t
other cables t t n  a t t t t t n  a n  a t t
cooling fans n  a n  a n  a n  a n  a n  a n  a i n t n  a n  a n  a t
Inputs PCB assembly
etched circuit boards 
non-regional n  a n  a n  a n  d n  a P P P n  a n  a n  a P
etched circuit boards UK n  a n  a n  a n  a n  a n  a n  a n  a n  a t n  a t
other semiconductors n  a n  a n  a n  d n  a P P P n  a _____________  P n  a P
capacitors/resistors n  a n  a n  a n  d n  a P m i x P n  a m i x n  a P
interconnect material n  a n  a n  a n  d n  a P n  d P n  a m i x n  a P
Key
n a = not applicable 
n d = no data
int = input comes integrated with other component 
on-site = manufactured by focal company on site 
t = truck 
s = ship 
p = plane
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